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COVER

The cover is a portion of the first Landsat Thematic Mapper
image collected in July 1982. The area is comprised of agriculture,
urban development, natural vegetation, and water bodies. It is a
false color image; vegetation is shades of red; man-made features,
as well as some fields with no vegetation, are shades of blue; and
water bodies are in dark blue.

Improved resolution of the Thematic Mapper (30 meters versus
80 meters of the multispectral scanner) provides the ability to
distinguish individual agricultural fields which are dominant in the
left and lower right of this image. The darker red signatures,
occurring diagonally across the center, are natural vegetation,
primarily trees. The Detroit Metropolitan Airport is in the upper
right corner, and the Willow Run Airport is near the top center.
Individual runways and taxiways are apparent. Several freeways and
their interchanges are visible. Ford Lake, followed by Belleville
Lake, on the Huron River can be seen on the upper portion of the
image. Along the top portion, street patterns in some housing
subdivisions can be seen.

This improved T M resolution, together with the more and better
placed spectral bands, shows promise of improved feature identifi-
cation. Researchers, resource managers, and other users should
benefit from Thematic Mapper data.
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PREFACE
The AgRISTARS program was initiated in fiscal year 1980 in

response to an initiative issued by the U.S. Department of
Agriculture. Led by the USDA, the program is a cooperative effort
with the National Aeronautics and Space Administration, the
National Oceanic and Atmospheric Administration of the U.S.
Department of Commerce, the U.S. Department of the Interior, and
the Agency for International Development of the U.S. Department
of State.

The program goal is to determine the usefulness, cost, and extent
to which aerospace remote sensing data can be integrated into
existing or future USDA systems to improve the objectivity,
reliability, timeliness, and adequacy of information required to carry
out USDA missions.

The program is well underway, with encouraging progress having
been made in fiscal years 1980*, 1981u, and 1982 (as documented in
this report). The outlook is that aerospace remote sensing will
contribute to USDA information needs in a significant way and,
more generally, that the AgRISTARS effort will advance this
technology for use in other areas of national need.

*AgRISTARS Annual Report - Fiscal Year 1980; AP-JO-04111,
National Aeronautics and Space Administration (NASA), Lyndon B.
Johnson Space Center (J SC), June 1981.

UAgRISTARS Annual Report - Fiscal Year 1981; AP-J2-04225,
NASA-J SC, January 1982.
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I. PURPOSE
The purpose of this report is to

present the major object ives and
accomplishments of the Agriculture and
Resources Inventory Surveys Through
Aerospace Remote Sensing (AgRIST ARS)
program and its eight component
projects during fiscal year (FY) 1982.

similar research reports around January
of each year. Organizational and
management information on AgRIST A RS
is included in the appendixes, as is a
complete bibliography of publications
and reports. Additional information may
be obtained from:

The report includes an introduction to
the overall AgRISTARS program, a
general statement on progress, and
separate summaries of the activities of
each project, with emphasis on the tech-
nical highlights. It is planned to issue

AgRISTARS Program Management Croup
Code SK

NASA-Lyndon B. Johnson Space Center
Houston, Texas 77058

Telephone: 713-483-2548
(FTS: 525-2548)
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2. INTRODUCTION
AgRIST ARS is a long-term program

of research, development, test, and eval-
uation of aerospace remote sensing to
meet the needs of the u.s. Department
of Agriculture (USDA). The program is a
cooperative effort of: the USDA; the
National Aeronautics and Space Adminis-
tration (NASA); the U.S. Department of
Commerce (USDC) through the National
Oceanic and Atmospheric Administration
(NOAA); and the U.S. Department of the
Interior (USDI). In addition, the Agency
for International Development (AID)
participates as an ex officio observer and
potential future user agency.

In 1978, the Secre~ary of Agriculture
issued an initiative, in response to

which the participating agencies estab-
lished the AgRISTARS program. In 1980,
the program was initiated as an effort
based on satisfying current and future
requirements of the USDA for high-
priority agri<:ultural and other renewable
resources type information. This infor-
mation is important to the USDA in
addressing national and international
issues on supply, demand, and competi-
tion for food and fiber.

1 J oint Program of Research and
Development of Uses of Aerospace
Technology for Agricultural Programs,
Februa ry 1978.
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The overall goal of AgRIST ARS is to
determine the feasibility of integrating
aerospace remote sensing technology
into existing or future USDA data acqui-
sition systems. Determining feasibility
depends upon the assessment of numer-
ous factors over an extended period of
time. Determinations of the reliability,
costs, timeliness, objectivity, and
adequacy of information requi red to
carry out USDA missions are planned in
the program. The overall approach
consists of a balanced program of remote
sensing research, development, and test-
ing which addresses a wide range of
information needs on domestic and global
resources and agricultural commodities.

In this initiative, the USDA identified
the following seven information require-
ments:

• Early warning of change affecting
production and quality of com modi-
ties and renewable resources

• Commodity production forecasts

• land use classification and measure-
ment

• Renewable resources inventory and
assessment

• land productivity estimates
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• Conservation practices assessment

• Pollution detection and impact eval-
uations

Based on these information requi re-
ments, as well as on a specific immedi-
ate need for better or more timely infor-
mation on crop conditions and expected
production, the AgRISTARS technical
program was developed. It consists of
eight projects which address all seven of
the USDA information needs with a clear
emphasis on the first two, early warning
of change and commodity production
forecasts. The eight projects include the
following:

• Early Warning and Crop Condition
Assessment (EW/CCA)

• Inventory Technology Development
(ITD)

• Yield Model Development (Y MD)

• Supporting Research (SR)

• Soil Moisture (SM)

• Domestic Crops and land Cover
(DC/lC)

• Renewable Resources Inventory (R RI)

• Conservation and Pollution (C/P)

Each project has its speci f ic set of
objectives and is treated in this report as
a discrete element of the AgRIST ARS
program. The projects are interrelated
both through mutuality of data needs and
through much com mon technology.

AgRISTARS PROJECTS
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3. PROGRAM SUMMARY
The AgRIST ARS program has been

underway for 3 years, and substantial
progress has been made on a number of
fronts.

The USDA, as the prime user of the
technology being developed, has been
actively involved and has continued to
view the effort as one of importance.

The technical accomplishments of
greatest note in FY 1982 were:

• A highly automated technique for
classifying corn and soybeans near
harvest was successfully tested over
large areas of the U.S. Corn Belt.

• An automated technique to estimate
the area of spring small grains early
in the season (within 1 month of
planting) was successfully tested over
the U. S. Northern Great Plains with
comparable accuracy to earlier end-
of-season results. The technology has
been implemented by the USDA
Foreign Agricultural Service (FAS).

• Analysis of Thematic Mapper simula-
tor (TM S) data over various types of
forests indicated a high level of
accuracy in delineating major forest
types.

• The development of models to pro-
vide alarms of potentially damaging
conditions (e.g., drought and temper-
ature stress and disease epidemics)
have made substantial progress.

• Domestic crop estimation, utilitizing
landsat data, is now implemented or
being implemented in five states.

• Combining TM S and synthetic aper-
tu re radar (SA R) data showed
improved accuracy in distinguishing
crop and land cover classes.

• The State of California has modified
its forest management policy, using
landsat technology from AgRISTARS.

• Investigations were made to deter-
mine the utility of satellite SAR for
use in agricultural inventories. In-
vestigations indicated: better defini-
tion of field boundaries; tone and
texture features that can be used to
improve crop labeling accuracies; and
potential utility for more efficient
sampling strategies, stratification,
and precise sample unit location.

• Vegetation indices, developed in
AgRIST A RS, using meteorological
satellite advanced very high reso-
lution radiometer (AVHRR) data, are
being ut i1ized experimentally by the
Agricultural Research Service (ARS).

• Microwave sensor response was shown
to provide useful information on soil
water profiles.

• Ozone damage to crops was shown to
be detectable in the red region of the
visible spectrum.

Under AgRIST ARS, experiments are
being conducted to deter~ne the utility
of the Thematic Mapper (TM). The
improved spectral and spatial capabili-
ties of this new sensor are expected to
improve greatly the remote sensing
capability for satisfying AgRIST A RS
objectives. Figure I shows the compari-
son of the multispectral scanner (MSS)
and TM spectral ranges. The increased
number of spectral bands in the TM

2landsat-4, carrying the TM, was suc-
cessfully launched into Sun-synchronous
polar orbit on July 16, 1982.

7



provides the possibility of much greater
information content. Figure 2 shows
MSS and TM images over an agricultural
area. The better spatial resolution with
T M data is apparent in the sharper edges
and improved field definitions. Initial
analysis of data from the TM has verified
that greatly improved agricultural infor-
mation is contained in the data. Methods
to extract the information show
promise. Major indications to date are:

Figu.,.e 1.- Landsat Therrntic Mappe.,.
(TM) and muUispectroa'L scanne.,. (MSS)
spectroa'L bands ve.,.sus typica'L Ea.,.th
su.,.face featu.,.es. (The TMbands a.,.e
mo.,.ena.,..,.or.vand p.,.ovide inc.,.eased
sensitivity.)

• The TM sensor and associated ground
processing provided data that were
well within advertised specifications.

• The data from the TMS were a good
representation of TM data itself and,
thus, provided for meaningful pre-TM
studies.

• The improved precIsIon in reduced
bandwidths and the increased signal-
to-noise (SIN) ratios exhibit new
parameters for class separability
cases that previously, with MSS, were
available only with sophisticated
technology using mult itemporal
analysis.

Figu.,.e 2.- Corrrpa1'isonof 'I'Mand MSS .,.eso'Lution. (The inc.,.eased spatia'L
.,.eso'Lution of the TMwi'L'La'L'Lor.vmo.,.eaccuroate c.,.op identifications.)
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4. PROJECT TECHNICAL HIGHLIGHTS

Technical highlights of the eight
AgRIST A RS projects are given in this
section. Project overview, FY 1982
objectives, and accomplishments for the
objectives are discussed.

4.1 EARLY WARNING/CROP CONDITION
ASSESSMENT

The EW/CCA research effort is
designed to develop and test remote
sensing techniques which will make
possible or enhance operational method-
ologies for crop condition assessment.
This technology will be used by elements
of the USDA, in particular the FAS. The
FAS is responsible for providing early
warning of changes that may affect
quantity and/or quality of crop produc-
tion in foreign countries and for
assessing crop conditions in general.

The EW/CCA project is managed by
the USDA/A RS with participation by
NASA, NOAA, and other USDA
agencies. The project activity includes
development of techniques for monitor-
ing and assessing conditions that may
impact crop production in both foreign
and U.S. areas. Major commodities, for

EARLY WARNING OF CONDITIONS AFFECTING CROPS

This project will assist
the USDA in tracking the @
condition of major crops
in the United States and
foreign count ries.

Techniques using data from
satellites to measure the
effects of drought on crops
are well developed, and the
areas of the crops affected
can be accurately meas-
ured. Other type. of crop
stress are also being
studied.

which technology is being developed,
include: small grains (wheat and barley),
corn, soybeans, sorghum, sunflowers, and
cotton.

4.1.1 Technical Objectives

The particular technical object ives
in FY 1982 were:

• To develop, test, and evaluate the use
of meteorological and satellite data
with various simulation models to
provide timely alerts of abnormal
and/or optimal conditions on a global
bas i s.

• To provide improved definition of the
relationships between plants and thei r
envi ronment and factors affecting
the growth cycle.

• To determine and quantify relation-
ships between crop st ress and
spect ra I response.

• To develop, test, and evaluate uses of
NOAA-6 and NOAA-7 satellite data
for indicating and monitoring abnor-
mal conditions.

4.1.2 Alarm Models

Models were developed and/or
improved to provide alarms when
potentially damaging conditions occur.
Conditions of drought and temperature
stress were studied for wheat, corn,
sorghum, sugar beets, and soybeans.
These alarm models provide information
on the status and tractability of
preseason-stored soil water status, crop
growth stage, and both hazardous and
optimum moisture and temperature
conditions that occur at various growth
stages. Figure 3 illustrates the results of
a test of the corn stress model which
show a strong relationship between the

9
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model results and corn yield. Wheat,
corn, sorghum, and sugar beet st ress
models have been transferred to the
USDA/F AS for operational applications.

Modeling efforts were also directed
toward the prediction of disease
epidemics, particularly rusts, of small
grains. Major pathogens have been
identified along with inoculum sources
for all major agricultural areas of the
world. Meteorological conditions are of
paramount importance in disease spread
and progression. The meteorological

10

conditions of importance during different
critical phases have been defined for
several pathogens, with major emphasis
on stripe rust. Initial spectral data
analysis indicates the feasibility of
making a disease impact assessment
based on such a meteorologically driven
model.

4.1.3 Condition Assessment

A significant contribution in FY 1982
was the development of the crop water
stress index (C WSI). This index, based on



the difference between plant canopy and
ambient air temperature and vapor pres-
sure deficit, appears to predict drought
stress for cotton, wheat, and alfalfa.

Studies were made to determine if
monitoring rangelands could be used to
assess drought st ress in adjacent crop-
lands (fig. 4). Initial findings suggest a
potential for using rangeland as a soil
moisture/crop stress indicator. This was
done by computing vegetative index
numbers (VIN's) for rangeland adjacent to
cropland. The largest VIN's computed for
rangeland vegetation during the maxi':-
mum green phase for spring wheat and/or
corn coincide with years of maximum
yield for both wheat and corn. This
rangeland study used 4 years of data and
indicates that landsat acquisitions are
too infrequent to provide prest ress

38

AVI CMI

1976 •• --
1978 e-.--

indicator information for adjacent crop-
land. However, future research may
demonstrate the utility of meteoro-
logical satellite data for this purpose.

Hot, dry winds, such as the sukovey in
the U.S.S.R., can cause a significant
decrease in yield of spring and winter
wheat. A yield reduction model incorp-
orating potential evapotranspiration,
temperature, and available soil water
was developed and is being tested for the
U.S.S.R. and U.S. Creat Plains. Initial
results are encouraging.

The EW/CCA project is utilizing an
established geographical grid with a
United States data base for evaluating
satellite-derived information. Each grid
cell represents an area of approximately
25 by 25 miles. The data base contains

8
CORRESPONDING

YIELDS
WHEAT CORN

1976 7.6 11.8
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Figu~e 4.- Ashbupn Vegetative Index (AVI) and C~op Moistu~e Index (CMI) fo~
rongeLand vegetation. (Fo~ 1976, a LObJ-yieLdyea~, both AVI and CMI we~e Low;
fo~ 1978, a good yieLd yea~, both we~e high.)
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geographic and physiographic data for
each cell including: political entities,
land resource areas, major soil types, and
major crops with associated crop calen-
dars. Each cell is referenced to mete-
orological data. The meteorological data
include: daily precipitation, maximum
and minimum temperatures, evapotran-
spiration, snow cover, and solar
r adi at ion.

The satellite data are used to
compute VIN's for each grid cell which
indicates changes in scene greenness
throughout the growing season. These
data indicate that satellite-derived
vegetative index values provide useful
crop condition information for large-area
analysis.

12

4.1.4 Environmental Satellites

The application of envi ronmental
satellite data [NOAA-6, NOAA-7, and
Geostationary Operational Environ-
mental Satellite (GOES)] was studied as
an agricultural surveillance tool. For
large-area estimates, vegetative indices,
based on data from these satellites, can
be used to bridge the spatial and tem-
poral gaps in Landsat data because the
en vi ronmental satellite data are avail-
able daily.

During the past year, NOAA has pro-
vided a weekly, worldwide depiction of a
vegetative index based on the technology
developed in EW/CCA. These products
have proven very useful, and it is clear
that the most efficient procedures for
EWICC A will be based on a mixture of
environmental and Landsat data.



INVENTORY TECHNOLOGY DEVElOPMENT

4.2.1 Technical Objectives

4.2 INVENTORY TECHNOLOGY
DEVELOPMENT

estimation, estimation of area
change, and area estimation not
reqUiring precise multitemporal
registration or rectification of data.

4.2.2 Landsat TM Data Quality and
Agricultural Investigations

• Investigating the utility of multi-
sensor data for agricultural applica-
tions (e.g., spaceborne radars and
NOAA envi ron mental satelli tes used
in conjunction with Landsat).

• Completing the development of a
simulation capability for quantifying
the performance of large-area crop
inventory technology and for
analyzing the sensitivities of selected
parameters.

The ITD, in conjunction with the
Goddard Space Flight Center (GSFC)
Landsat TM Image Quality Technology
Assessment Program, conducted a
'quick-look' analysis of the initial
Landsat TM data scene wh ich was
acquired over Detroit, Michigan, on
July 20, 1982. Prepa ratory research was
conducted during FY 1982 with T MS data
acquired by a NASA airborne scanner •
The initial TM scene contained only the
first four bands of the total seven
bands. A variety of studies was
conducted to assess varying aspects of
the TM data, using segments extracted

• Continued development of summer
crop, corn, and soybeans inventory
technology to make it more efficient
and to improve accuracy; developing
further understanding of the
sensitivities of small grains and
summer crops inventory technology
to the cultural, envi ronmental, and
satellite overpass frequency factors;
extending these automated techno-
logies to include winter grains; and
further research of these technolo-
gies for appli cat ion in the U.S.S. R.,
Australia, and Argentina.

new
area

For example, interpreting
techniques for imales of
Brazilian crops may be
aided by comparinll them
to images of crops grown in
the State of Georllia.

Research and development of
approaches for ear~-season

•

In achieving its objective, the ITD
project focuses research on important
growing regions in the United States and
foreign countries. The crops being
studied are small grains, corn, and
soybeans. The ITD research expands and
improves upon the remote sensing
technology developed in previous
experiments during the mid-1970's.

The no project is
researchinll techniques to
monitor major commodities
(wheat, barley, corn, and
soybeans) in five foreilln
countries and in five
similar growing areas in
the United States.

The FY 1982 technical objectives
were focused on the following:

• Initial research investigations for
quality and utility of the data from
the new Landsat TM.

The objective of the ITD project
activity is to develop and test techniques
for using space remote sensing technol-
ogy to provide objective, timely, and
reliable forecasts of foreign crop
production without requi ring ground
observations. The prospect ive users of
this technology are the USDA/F AS and
various international organizations
concerned with world food and fiber
supply. The ITD project is managed by
NASA with participation by USDA and
NOAA.

13



from the full scene, a portion of which is
shown on the cover of this report. The
following paragraphs describe the more
significant early results.

Spatial Resolution

By selecting man-made features of
known dimensions (e.g., highways, air-
fields, buildings, and isolated water
bodies), an assessment was made of the
TM performance relative to the specified
30-meter (98-foot) resolution. Indications
are that this resolution was achieved or
exceeded.

In the MSS data, a significant per-
centage of pixels contain more than one
crop of interest, and this has been
responsible for a major portion of the
error in crop area estimates. TM data
over agricultural areas exhibited a very
small portion of boundary pixels - a 3 to
1 improvement over MSS data. Thus, the
improved TM spatial resolution should
result in a significant improvement in
the accuracy of crop inventory.

Signal-to-Noise (SIN) Ratio

An important feature of the TM is an

improved instrument sensitivity
described as a high SIN ratio. Data over
different water bodies (a ·homogeneous·
target) were studied, and the TM appears
to be performing better than the adver-
tised specifications.

Spectral Analysis

Studies of the spectral content of the
TM data led to conclusions similar to
those discovered in TM S analyses.
Research analysis revealed a strong
correlation between the TM spectral
values and the expected values for the
particular target crop classes. The
response in band 1 contradicted early
speculation that this band would be of
little value because of the interference
of haze and other atmospheric effects.

Spectral ,Separability

To assess the potentially improved
separability of agricultural features with
T M, a computer clustering routine was
applied to several coincident TM/M SS
data sets; figure 5 shows a typical result.
The increased spatial and spectral
resolution is evident.

t~~MSS;
Figupe 5.- CompaPison of otustePing pesutts
tion of a otustePing poutine pesutted in 13
4 foY' the MSS.)
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Techniques developed to discriminate
color differences were applied to several
of the segments containing large water
surface areas. The differences in water
color, which relate to boundaries due to
turbidity, were clearly distinguished.
This result was not achievable with MSS
and is probably due to the inclusion of
the "blue" band (0.45-0.52 m), the nar-
rower bandwidths, the increased SIN
ratio, and increased quantization of the
TM.

In earlier TMS studies, the potential
improvements in crop spectral separa-
bility were evaluated with an approach
using the TMS bands 2, 3, and 4 (as
"equivalent" to the MSS bands 4, 5, 7)
and, sequentially, adding the TMS bands
1, 5, 6, and 7. An assessment of the
potential contribution of these new bands
was obtained with the following
observations:

• The addition of band 1 (0.45-0.52 m)
increases the discrimination of corn
from soybeans; some late maturing
corn fields, previously confused with
soybeans, were identified as a
separate corn class (fig. 6).

• TM band 5 (1.55-1.75 m) also identi-
fied the late corn fields and appeared
to react to the vigor of the vegeta-
tion. This reaction was probably
related to overall water content
and/or soil moisture.

• TM band 7 (2.08-2.35 m) and band 6
(10.4-12.5 m), acquired in late Aug-
ust, did not seem to improve the
overall crop discrimination. How-
ever, several patterns were noted
that were probably related to the
difference in vegetative condition
and/or features beneath the vegeta-
tive canopy.

Figu1'e 6.- Classification of five
eategoroies based on TMSbands 1, 2,
3, and 4 data ac:qui1'ed on August 30,
1979, f1'om flebste1' County, Iooa.
(C1'Opeodes: b1'oon-eom, omnge-
tate eom, g1'een and yeUoo-soy-
beans, and btue-othe1' 'land eove1'.)

Crop Proportion Estimation

From a TMS analysis of crop propor-
tion estimation performance, each band's
contributions are recognized. Figure 7
illustrates the significance of each band.
Note that these proportion estimates
were accomplished with a single acqui-
sition.

Principal Components Analysis

Four potentially useful components
for crop separability were obtained from
the four TM spectral bands. The first
two principal components appear to be
highly analogous to the MSS greenness
and brightness components, leading to
the expectation that the second two
components will contain other useful
information.

15
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4.2.3 Early-Season Estimation of Crop
Areas - Spring Small Grains

Previous spring small grains area
estimation techniques had been shown to
be highly efficient and of reasonable
accuracy, but were only applicable to the
latter part of the growing season.

16

During FY 1982, a technique was
developed and tested that indicates
(a) estimates of crop areas can be made
early in the season, when the information
is much more valuable and (b) further
reduction in the cost of data analysis can
be accoMplished. This early-season
method relates growing degree days (a



measure of the accumulated energy
available to the plant for growth) and the
response of a Landsat sample segment in
terms of a weighted summation of the
responses of the ground cover classes in
the segment. Figure 8 shows the spec-
tral response values as a function of time
for selected cover classes. Note that the
curve for spring small grains is highly
distinct from other classes in the 200-
600 growing-degree-day period. The
technique was tested using data for
100 segments in four u.s. states and one
Canadian province; the data were dis-
tributed across crop years 1976, 1977,
1978, and 1979.

This early-season method achieved
accurate results prior to the crop stage
of tillering. The results are highly
correlated (r2 = 0.78), with ground
observations having a relative mean
error of 3.28 percent and a standard
deviation of 7.47 percent. These results
are comparable in accuracy to previous
end-of-season results. Because the
method operates at the segment level,
data storage costs, analysis computation
costs, and savings in satellite data costs
are possible.

This technique has been transferred
to the USDA/F AS Foreign Crop Condi-
tion Assessment Division and installed on
their computer for operational evalua-
t ion and use.

4.2.4 Aggregation of Sample Crop Area
Estimates to Large-Area Estimates

Accurate large-area (e.g., state-
level) crop acreage est imates obtained
by aggregating sample segment esti-
mates were improved. In this effort, two
improvements to previous aggregation
approaches were tested, using both
Landsat-derived segment crop area
est imates and segment crop area
measurements obtained by USDA ground
visits. Both approaches demonst rated
the ability to produce a more precise
estimate from a given set of segment
estimates than that produced with
previous approaches. One approach is a
fully automated computer procedure that
eliminates the need for analyst inter-
vention by producing mathematically
optimal stratum and region estimates
from the available data. The technique
resulted in a 12-percent reduction in

1000 1500 2000 2500
ACCUMULATED GROWING DEGREE DAYS

Figupe 8.- Vegetative pesponses of cpop gpoups. (SpPing smaLL g~ins exhibit
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variance in a test over North Dakota.
The other approach, an improved
procedure, employs landsat-derived
segment crop proportion estimates from
multiple years to produce stratum area
esti mates. By taking advantage of the
correlation between segment crop
proportion esti mates from year to year,
the procedure contributed an additional
25-percent variance reduction in the
North Dakota test.

approach to large area crop estimation
allows a reduction, by approximately
25 percent, of the total number of seg-
ments for the aggregation system by
taking advantage of the year-to-year
·correlation. •

4.2.6 Development of a Simulation
Capability for Quantifying
Performance of Large-Area Crop
Inventory Technologies

4.2.5 Sampling and Aggregation for Large-
Area Change Estimation

During the past year, ITD has evalu-
ated the concept of employing year-to-
year crop area change estimation as a
means of reducing the total number of
sample segments requi red for large-area
crop estimation. Crop area change in a
segment is highly correlated between
years, and the difference in crop area
from one segment to another may be
large. A study of this effect was
conducted with data from spring-wheat-
growi ng regi ons of the U.S.S. R. for the
1976 and 1977 crop years. The results
indicate that a change estimation

During FY 1982, ITD developed a set
of generalized design and evaluation
tools that allow the objective comparison
of alternative spectral transforms, data
preprocessing options, and crop
ca lenda rs.

Vegetative spectral responses of
major crop groups and the degree to
which confusion between crop groups is
likely at any particular time can now be
estimated. Based on these responses, the
probability of correct classification can
be calculated for a specified crop and
each potential confusion category. Fig-
ure 9 shows a plot of separability using
spring small grains as the specified crop.
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Figuroe 9.- Separoability of spring smaU groins froom confusion croops. (The
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4.2.7 Investigations of Satellite Radar Utility

Two investigations were undertaken
to evaluate the ut i1ity of satellite SA R
data for use in agricultural inventories.
Such radar systems are attractive for use
in agricultural surveys by vi rtue of thei r
all-weather, day-night, and high-
resolution capabilities that would permit
acquisition of data at the most agricul-
turally opportune times and with a great
deal of spatial information. Such radar
data could complement Landsat visible
and infrared data.

The specific objective of the first
study was to assess the value of aug-
menting the Landsat MSS with Seas at
SAR data in the context of agricultural
inventories. Data acqui red on July 25,
1978, for a site in Jasper County, Indiana
were analyzed. The results of the inves-
tigation revealed that the finer spatial
resolution of the Seasat (25 m versus
78 m for the Landsat MSS) can provide a
better definition of field boundaries and
that features called tone and texture can
be used to improve specific crop labeling
accuracies in Landsat images. In
addition, it was found that the Seas at
radar data of July 25 provided an ability
to discriminate corn from soybeans,
whereas, the corresponding information
from Landsat MSS data was apparent
only later in the season.

A second investigation, initiated to
evaluate the agricultural inforMation
content of satellite radar data, was
focused on data acqui red over an
agricultural area of New South Wales,
Australia, by the Shuttle Imaging Radar-
A (SIR-A) during the second mission of
the Space Shuttle on November 14, 1981.
Crop photoanalysis techniques were
applied to the SIR-A image product and
corresponding images of Landsat data
acquired on several dates during 1977 and
1979. Numerous landform and cultural
features are discernible on the radar

image (fig. 10). Mountains, rivers,
forests, roads, and agricultural areas are
readily apparent. Field boundaries can
be seen corresponding to roads and
fences (with associated fence-line
vegetation) surrounding most fields.
Several tones or shades of gray are
detectable in the agricultural fields
related to type, density, and condition of
the vegetation. In this area of Australia,
the agriculture is concentrated on wheat
and sheep production; hence, most of the
agricultural fields are wheat, pasture, or
fallow.

Based on this preliminary examina-
tion, it appears that 51R-A type data
could prove useful in the development of
more efficient sampling strategies
through sample frame development,
stratification, and precise sample unit
location. It may be useful as a base for
collection of ground observations if ade-
quate photography is unavailable. SIR-A
type data may also have ut ility in crop
identification for inventory purposes or
in crop condition assessment, particu-
larly in cases where data collection,
close to a deleterious weather event such
as hail or flood, is advantageous.

4.2.8 Argentina Sample Frame Development

A sample fraMe was created for
selected geographic areas in Argentina
to support the development and testing
of area estimation methodology. The
sample frame was developed for three
provi nces, Buenos Ai res, Cordoba, and
Santa Fe, and was constructed to provide
for increased sampling efficiency for
corn, soybeans, and wheat.

The target region was divided into homo-
geneous areas based on Landsat imagery,
field patterns, and soil type. Digitized
homogeneous polygons were "registered"
to a segment grid. The following charac-
teristics of each segment were recorded
based on the location of the center point
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Figuroe 10.- SIR-A inuge of NelJJSouth Wa"Les~Austm.Ua~ aoqui1'ed Novembe1' 14~
1981. [This image OOVe1'Sa 50-by-l00 km (31-by-62 mil aroea and s~s featu1'es
as srm."/,"[,as 60 m (200 ft). The a1'ea is p1'irm.1'i"Ly o1'op"Landfeatu1'ing srm."[,"/,
gm.ins and pastu1'es.]

of the segment: percentage of
cu It ivated a rea; pe rcentage of t he a rea
devoted to corn or soybeans; percentage
of the area devoted to wheat; and field
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size, political subdivisions, and soil
type. Both segment and polygon
information are stored for statistical
analysis.



4.3 YIELD MODEL DEVELOPMENT

The Y MD research effort ut ilizes the
measurement of envi ronmental and plant
characteristics to project crop yield
potential within a region. This effort is
a key component of any com modity pro-
duction forecasting methodology and, as
such, contributes to both the domestic
and foreign crop estimation processes.
NOAA, through the Environmental Data
and Information Service, Center for
Envi ronmental Assessment Services
(EDIS/C EAS), manages this activity with
support from USDA and NASA.

YiElD MODEl DEVElOPMENT

This is research to determine how various crops will respond to
weather conditions, agricultural practices, and other factors.
Many years of data are taken into account.

~~rrmn
"0 ;0 3'0 wru

Years of data Computer
model

4.3.1 Technical Objectives

The FY 1982 objectives for this
activity were:

• To test and evaluate candidate crop
yield models.

• To perform research to develop new
and improved crop yield models.

• To acquire, process, and store
meteorological and satellite data.

4.3.2 Yield Model Test and Evaluation

The initial phase involved the appli-
cation of test criteria for evaluating
statistical crop yield models. These tests
were applied to the CEAS, Thompson-
type, and Williams-type regression

models for soybeans, corn, wheat, and
barley. The Williams-type and CEAS
spring wheat and barley models were
compared. These models differ in their
input variables, but are very similiar in
other respects. The conclusion is that
the CEAS model is only slightly prefer-
able for AgRIST A RS applications, and
the Williams-type model should not be
eliminated from further consideration.

The second phase of this task was to
test selected plant simulation models
which attempt to describe the physical
and biological processes in plant growth
and development. Daily meteorological
data were used. This phase followed a
review of higher order models.

The first simulation model tested was
the Texas A&M University wheat model
(T AM W) applied to spring wheat in North
Dakota. Preliminary results indicate the
yield output is very sensit ive to the soil
moisture budget, and phenological
accuracy is critical. The results appear
promising. Modifications and tuning of
the model seem necessary for application
to other areas.

The CERES-wheat model, developed
by the USDA/ARS group at Temple,
Texas, is also a candidate for testing.
Data have been acqui red to test this
model in areas other than the United
States. Two recent modifications of the
model have probably made it more sensi-
tive to (a) the dry conditions found in the
U.S. Great Plains region and (b) the
phenological development pattern of
spring wheat.

The CERES-maize model, also deve-
loped by the group at Temple, Texas, has
been acquired for further testing. The
C ERES-maize model presents a new al-
gorithm for simulating the separate
effects of day length and temperature;
the Model should be able to predict
performance of a hybrid planted in any
region at any time.
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cated physiological models must be vali-
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Figu~e 11.- Sp~ng ~heat ~ounty
yieLds ve~sus segment aV~~Y6
g~eenness at heading fo~ 1979.
(Data aN f~m No~th .md South
Dakota~ Monta~l~ and Minnesota.)

Examination of Landsat data for
wheat in the U.S. Cent ral Plains has
provided strong evidence of a broad area
relationship between the spectral
properties and end-of-season yield of a
crop. For winter wheat in 1978 and
spring wheat in 1979, linear relationships
were found between segment-average
•greenness· at heading and Crop
Reporting District (C RD) or county-level
reported yield (fig. 11). The slopes for
the two cases were virtually identical.
Application of the winter wheat relation-
ship to spectral data from the NOAA-6
AVH R R sensor averaged over C RD's in
Texas, Oklahoma, and Kansas, gave
predicted yields very close to the
reported yields.

4Or------------------..-T"l

4.3.3 Yield Model Researchand
Development

Statistical models have been deve-
loped for selected parts of the world.
These include: Argentine wheat, Aus-
tralian wheat, Eastern European wheat,
and U.S.S.R. barley. The ·bootstrap
test· results suggest some bias in the
models. However, these are considered
first approximation models to be used

Simulation models to estimate plant
progress are being developed. As a first
step, a phenology submodel was
developed. A flexible and highly modular
computer program was completed.
Coefficients expressing the effects of
day length and temperature on develop-
ment are near ly ready for test ing.
USDA/ARS personnel in Illinois and
Mississippi are collecting controlled
envi ronment and field data to support
further simulation model development
for cotton, soybeans, wheat, corn, and
sorghum.

Vegetation indices derived from
Landsat-1 and Landsat-2 observat ions of
crop fields have been related to the plant
parameters, leaf area index (LAI),
population, and yield of grain sorghum.
The vegetation indices appear to capture
the "greenness" or photosynthetic poten-
tial of the entire canopies. As such, they
have been proposed as spect ral surro-
gates of LAI in the light-interception
subroutines of crop growth and yield
simulation models. In addition, a soil
line index has been devised which, when
plotted against the vegetation index,
appears to indicate when the plant
canopy is sufficiently developed such
that available sunlight is essentially fully
ut ilized by the crop canopy. These find-
ings requi re testing, but they provide the
possibility of providing information for
the photosynthesis/dry matter accumu-
lation subroutines of crop growth and
yield simulation models for any field of
interest in the United States or abroad.
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Model testing also involved the
aggregat ion of s mall, but homogeneous,
areas into relatively larger areas called
agrophysical units (APU's) to determine
whether a more accurate estimate of
yield can be achieved by using homo-
geneous areas having similar soil types,
climate, and cropping practices. When
the results of these models were aggre-
gated to the state level and compared
with the C R0 levels, also aggregated to
the state level, it was found that the
results were similar; i.e., the APU
models were not better than the C RD
models. One preliminary conclusion de-
rived from this study showed the stan-
dard error of the yield, estimated from
the aggregation of C RD models to a
state level, was smaller than that of an
estimate derived from a single state
model. This suggests that, for practical
application, a C RD level is desirable.
This conclusion is also supported by the
analysis of the variability of the
greenness index at pixel-, field-,
segment-, and C RD-size data levels.
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4.3.4 Data Acquisition Processing and
Storage

To provide data to test the cOlTlplex
crop models, daily historical data
(lTlaximum and minimum temperatures
and precipitat ion) were processed for
various areas including the United
States, U.S.S.R., Argentina, Brazil,
Canada, China, India, and Australia.
Monthly temperature and precipitation
historical series have also been
developed for application to simple
statistical modeling and development of
indices to stratify similar areas.

Several clustering techniques were
compared to stratify areas into similar
regions for the purpose of applying crop
yield models to areas other than where
the model was developed. The similarity
areas were identified based on selected
temperature and precipitation data (fig.
12). With additional spatial and telTlporal
data, it may be possible to arrive at
unique areas with this technique.

Figupe 12.- CZimatio otustePing of apeas in southeastepn United States.
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MaximUM and minimum temperatures
are important inputs to crop yield and
phenological models. Two methods that
provided estimates of the high and low
temperatures for a day were compared.
In the first method, when the maximum
and minimum temperature were not
specifically reported, a parabolic
equation was used to estimate the value
from a three-hour synopt ic report. In
the second method, the highest and
lowest reported values for the day were
assumed to be the maximum and mini-
mum temperatures. It was concluded
that the di fference between the two
methods was minor. Therefore, from a
practical viewpoint, the highest and
lowest value method sufficed for
estimates of the maximum and minimum
temperature for the day.

An experimental, satellite-derived,
solar radiation data base provided by
NOAA National Environmental Satellite
Service (N ESS) was compared with the
ground-observed network at 15 locat ions
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in the United States for the period July
1980 through October 1981. The results
were generally very good except for the
coastal areas. These satellite data wilt
be used in testing crop models requi ring
this variable.

A unique data set comprised of
synchronous GOES-E infrared data and
surface reports of rainfall from the
NOAA Service-A network over the U.S.
midwestern states has been archived
using the Man-Computer Interactive
Data Access System at the University of
Wisconsin at Madison. The data consist
of nearly 22,000 cases collected from
June and July of 1981 and August 1979.
Statistical analysis was used to
determine the threshold brightness value
to discriminate between rain and no-rain
events. Evaluation of this technique
shows that, while the predictive skill
varies somewhat with region and time of
year, some 60 percent of the rain/no-rain
events can be correctly classified.



Research network

4.4 SUPPORTING RESEARCH

This project is designed to provide
technological components and procedures
for testing in the other AgRISTARS pro-
jects, notably in the crop inventory
activities. Research focuses on tech-
niques to extract, from Landsat data,
information on the area planted to dif-
ferent crops; on the stage of develop-
ment of wheat, barley, corn, and soy-
beans; and on the crop condition deter-
mined from spectral analyses of the
crops. The SR project is managed by
NASA with support from USDA and
NOAA.

The crops of concern to the EW/CCA
and !TD projects are being studied by the
SR project. In addition, natural vegeta-
tion and soils are important subjects of
study.

SUPPORTING RESEARCH

Research is being conducted Industry
in the following areas of ~
remote sensing technology:. ~ ~ ~

• Sampling.and Universities \. I
aggregatlon~ +

• Area estimation v- -l~ ~
• Crop development

stage estimation ~ ••••••
• Yield estimation ~
• Crop stress
• Soils

4.4.1 Technical Objectives

The focus of work in FY 1982 was on
the following:

• Research and development of
automated extraction of crop area
information from Landsat multi-
spectral data.

• Research and development of tech-
niques to estimate crop stage and
condition.

• Improvement of the technology for
registration and research analysis of
multitemporal Landsat images.

• Landsat T M data evaluat ion•

• Research into the use of radar data
for crop identification.

4.4.2 Automated Extraction of Crop Area
Information

During FY 1982, major advances in
the technology were accomplished. A
highly automated technique was
developed and successfully tested for
classifying corn and soybean crop areas
near harvest. For the more difficult task
of identifying small grains, development
of crop temporal profiles has led to
encouraging test results.

Corn/Soybeans

Underlying the success of the highly
automated technology was the develop-
ment of a crop temporal profile tech-
nique which permits Multidate Landsat
spectral data to be interpreted in terms
of key vegetation growth parameters.
The resultant parameters, such as date
of emergence, peak greenness, length of
growing season, and maturity stage, can
be uniquely related to specific crop
types.

Figupe 13.- A typicaL cpop gpeenness
tempopaL ppofiLe. (Gpeenness is the
y-axis; time is the x-axis; to is
the stapt at cpop gpeen-up; t1 and
t2 ape the infLection points; and tpis peak gpeenness.)

A typical crop temporal profile is
shown in figure 13. The greenness G is
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computed from landsat spectral data.
The variables used are the time of peak
greenness, tp; the value of the peak
greenness, G(tp) and a= t2 - t1, where t1
and t2 are the left and right inflection
points of the fitted profile. The
relationship between these parameters
and crop types has been demonstrated to
be unique within the United States for
corn and soybeans and to be stable over
yea rs and regions.

This corn/soybeans technique is
highly automated in the sense that once
the computer is initially trained on crop
data from a few sample segments, no
further human interaction is requi red.
Figure 14 shows a flow diagram of this
technique. It was successfully tested
over all key growing regions in the U.S.
Corn Belt and the Mississippi Delta for 3
crop years. Figure 15 illustrates the
results of this testing in which 56
segments showed no significant bias and
had a relative mean error of 3 percent
and a relative standard deviation of
8.2 percent. This represents a higher
accuracy for crop identification and
proportion estimation than previously
obtained, specially for those techniques

FEATURES

requi rmg time-consuming manual in-
puts. This accomplishment places the
technology on the verge of maturity;
only testing in a foreign corn/soybeans
region remains.

Small Grains

Small grains identification and pro-
portion esti mation represent a more
complex problem and cannot be solved
with the corn/soybeans approach. For
this reason, significant research has been
conducted for the Advanced Proportion
Estimation Procedure (A PEP); see the
FY 1981 AgRISTARS Annual Report. The
APE P has the advantage that it uses all
available information affecting crop
growth. The crop temporal profiles are
derived from landsat spectral data, and
variables derived from these profiles are
used to determine crop distributions
from a ·mixture model.· Figure 16
shows a typical distribution of crop sig-
natures within a landsat small grains
sample segment and the statistical mix-
ture model distributions derived to
match the observed distributions. The
distributions are identified as crops using
agrometeorological crop development
mode Is.

TRAINING
SAMPLE

MODEL OF
MEASUREMENT

OVER TIME

LANDSAT
SPECTRAL

MEASUREMENTS

AUTOMA TI C
LABELING
OF PURE
PIXELS

GRADIENT
MODEL

TO FIND
PURE PIXELS

CLASSIFICATION
OF

ALL PIXELS

CORN/SOY·
BEAN

ACREAGE
EST

Figu~ 14.- CO~/8oybean8 highLy automated technique.
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The automatic labeling of crop dis-
tribution functions is a goal for APE P
research. Studies to date show a cor-
respondence between crop temporal
profiles and weather-driven crop
development models. Although further

-25 1..-_-1. __ .&...._-1.__ .&...._...••.._---'
o 10 20 30 40 50 60

GROUND TRUTH PROPORTION %

Figu~e 15.- Co~/soybeans technique
cLassification ~esuLts. (O~inate
is cLassification ~esuLts minus
g~ound t~uth in pe~centage ve~sus
pe~centages of c~ops in segments fo~
co~# soybeans# and othe~ c~ops.)

Initial testing of the procedure for
18 segments in the U. S. Northern Great
Plains has yielded two conclusions: first,
crop mixture distributions can be reliably
associated with either small grains or
non-small grains; second, accurate small
grains proportion estimates can be ob-
tained by summing the proportion of
each small grains component. In addi-
tion, encouraging accuracy was obtained;
a relative mean error at 3.7 percent and
a relative standard deviation of
12.7 percent were obtained for the 18
segments.

- - _. COMPONENT DISTRIBUTIONS

Figu~e 16.- TypicaL distnbution of
c~op signatu~es and the statisticaL
mixtu~e modeLs' dist~ubutions
denved.

CROP SPECTRAL MEASUREMENTS

- MIXTURE DISTRIBUTIONS

Mathematics - Statistics Research

4.4.3 Crop Stage and Condition Estimation

work remains, results to date are
encouraging.

Questions have arisen on the assum-
ption of statistical normality for the
component distribution functions for
crops in the mixture models of the
APE P. In some cases, symmetrical
functions, which are non-normally
spread, fit the data better, whereas, in
other cases asymmetrical non-normal
functions fit better. Special distribution
functions to fit the non-normal cases
have been tried, and initial improve-
ments in APE P results are encouragi ng.

Another major area of research in the
SR project is the estimation of crop
stage and condition. Again, Crop
Temporal Profile technology has made
possible a major breakthrough to a long-
standing problem - the accurate estima-
tion of crop emergence date - critically
needed to start the agricultural-
meteorological (agromet) stage of
maturity models. Research results to
date indicate that the Crop Temporal
Profile models potentially can be used to
estimate accurately other key develop-
ment stages, such as floral initiation,
heading, and senescence. A model which
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utilizes a di rect relationship between
remotely sensed spect ral data and
soybean development was developed and
tested during the year. Several
important results were achieved in
FY 1982 in the use of spect ral data to
assess crop condition. They included the
spectral estimates of intercepted solar
radiation by corn and soybeans and the
spectral estimation of LAI as an input to
a wheat yield model.

4.4.4 Preprocessing - Registration and
Analysis Technology for Landsat
Data

The Lyndon B. Johnson Space Center
(J SC) registration processor, a tech-
nology descendent of the GS FC master
data processor (M DP) and the Large Area
Crop Inventory Experiment (LACIE)
registration processor, has been in opera-
tion since November 1981. Initial efforts
to adapt the registration processor to
accept the new Landsat-4 MSS data as
well as the TM data have proven success-
ful. The J SC registration processor will
be used to routinely register the M5S and
TM data to each other as well as multi-
temporally register TM data from one
date to another in the coming year.
Moreover, this unqualified success may
indicate that other sensor data, such as
Shuttle SIR-A, SIR-B, or Seasat data, can
be registered to TM and MSS data in the
near future.

An important FY 1982 accomplish-
ment was the development of an inte-
grated system to receive Landsat-4 TM
(as well as MSS) data and analyze the
data; this sytem provides the capability
to image the data and perform many
sophisticated pattern recognition and
image analysis functions. The data sys-
tem's effort provides Landsat agromet
data vital to research as well as rapid
and easy access to these data by
providing a comprehensive data base
management system. In addition, the
data system's support provides an
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extensive interactive computational
envi ronment not on Iy to other
AgRIST A RS projects within USDA and
N ASA but a Iso networks these cap-
abilities to the university community
which supports AgR 1STA RS. This data
system support permits the user com-
munity to have efficient access to a
comprehensive set of research data and
to share analysis capability.

4.4.5 Landsat TM Data Evaluation

Analysis of the fi rst TM data has
shown the performance of the instrument
equal to the high expectations. The
additional bands in the middle infrared
have added significant component to the
dimensionality of the data.

Simulations of TM data, using the
T MS data, were corroborated when the
first TM images were received in late
August. These simulations which were
provided to ITD, GSFC, and other
AgRIST A RS agencies enabled adequate
data systems and analysis to be in place
to support an early evaluation of TM in
the agricultural information context
(fig. 17). Moreover, this emphasizes the
merit of simulation of data from any
advanced sensors anticipated in the
future.

The increase of spatial resolution of
TM (30 f"'I) over MSS (80 m) appears to be
significant not only in resolving spec-
trally distinct classes that were previ-
ously undefinable (e.g., roads, small
fields) but also in distinguishing within-
field variability. This increased spatial
resolution, therefore, decreases the
effect of the mixed pixels on the bound-
ary and accurately represents variations
within a field due to soils, topography,
planting, and density.

Tests of the band-to-band registra-
tion accuracy of TM data showed that
bands 2 to 4 were well within the specifi-
cation of 0.2 pixels, while bands 2 to 5



Figuroe 17.- Actual. verosus simul.ated TM data. (Actual. TM scene l.eft, simul.ated
scene on roight. The aroea depicted is an agroicul.turoaLaroea in Webstero County,
Iooo. )

were not within an acceptable limit. If
not corrected, this misregistration could
significantly degrade the ability to uti-
lize multitemporally registered TM data
(goal of 0.5 pixels).

Tests of the geometric fidelity of TM
were accomplished by choosing points
from a U.S. Geological Survey (USGS)
quad sheet and allowing the TM data to
fit these with freedom of translation and
rotat ion (no • rubber sheet ing defor-
mation"). This resultant root mean
square error (R MSE) was a successful VIO
pixel (see fig. 18).

4.4.6 Radar Agriculture Research

Analysis of Colby Radar Data
for Crop Identification

An analysis of the usefulness of multi-
date and multiband radar data, acquired
over the Colby, Kansas, test site in the
summer of 1978, was completed. An
earlier analysis in FY 1981 was made of
only the Ku-band radar data, but this
effort in FY 1982 included the l-band

and C-band radar data, bands of interest
to the SIR-B to be flown in August 1984,
and to other spacecraft radar imagers in
the 1980's. In the test site, four land
cover classes were present: irrigated
corn, pasture, fallow, and wheat stubble.
Corn was most easily identified. For a
single date and radar band, the classi-
fication accuracy, using field averaged
data, was 86 percent to 93 percent for
C-band and l-band, respectively. When
multidate data were used, the classifica-
tion of corn was perfect. Pasture,
fallow, and wheat stubble, all low vege-
tation conditions, were not well separ-
ated. The results at l-band and C-band
were better than those obtained using
Ku-band, a relative surprising result.

Analysis of Webster Radar Data
for Crop Identification

An analysis of the usefulness of
multiband radar data acqui red on two
dates in 1980 in a corn and soybean test
site in Webster County, Iowa, was
conducted. The results indicated that
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the use of the C-band cross-polarized
data (best) or the L-band like-polarized
data (second best), taken at a sensor look
angle of 50 degrees with HH polarization
(Horizontally transmitted, Horizontally
received), resulted in excellent separa-
tion of corn and soybean fields on the
date when the soil was dry (fig. 19). Wet
soil background conditions produced
poorer separation. Severe row direction

effects were noted also for Iike-
polarization, a problem that must be
dealt with in future spacecraft
missions. It was also found that corn was
brighter than soybeans for the L-band
data, but it was darker than soybeans for
the C-band cross-polarized data. At Ku-
band, the two crops had similar
backscattering signals, also a surprising
resu It.

F'igu1'e18.- IUuatmtion of 1/10 pi~el" aecumcy in raegiatmtion
USGS quad aheet.
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4.5 SOIL MOISTURE and the study of roughness and vege-
tat ion effect s.

Conduct an assessment of Seasat data
ut ility for soil moisture.

Complete the development of an in
situ soil moisture measurement
devi ceo

The objective of the SM project is to
develop and evaluate the technology for
the remote and ground measurements of
soil moisture. Development of the tech-
nology is an intermediate step in apply-
ing the techniques to agricultural infor-
mation needs. A knowledge of soil mois-
ture is important as input to models for
predicting crop yield, plant stress, and
watershed runoff. This work will provide
knowledge about a key variable needed in
several other AgRIST ARS projects.

•

•

• Initiate a study
est i mat i ng prof ile
f rom remotely
measurements.

of methods for
moisture content
sensed surface

SOIL MOISTURE STUDIES

The SM project is managed by the
USDA/Soil Conservation Service (SCS),
working closely with the USDA/ARS and
NASA. The scope of the work includes
the improvement of in situ soil moisture
measurement techniques; the develop-
ment and evaluation of remote sensing
approaches; and through mathematical
modeling efforts, relating the in situ and
remote sensing measurements to mois-
ture storage over large areas. Appli-
cations of the results will be applied to
various agricultural and hydrological
problems over broad regions.

Increasing the accuracy of
these measurements will
have applications in

• Early warni ng
• Crop yield estimation
• Watershed runoff
• Vegetative stress

assessment

Microwave and
infrared
measurements

4.5.2 Microwave Sensor Development and
Evaluation

Soil dielectric constant is the key
parameter that links the moisture
content of a soil medium to its mi{;ro-
wave emission and backscattering pro-
perties. Detailed experimental measure-
ments were conducted to determine the
dependence of dielectric constant on
volumetric moisture content and soil
textural composition. The measureMents
were made to 1.4 and 5 C Hz on solis
ranging from a sandy loaM to a silty
clay; an example of the 1.4 CHz results
is presented in figure 20. The measured
curves were found to be in excellent
agreement with a newly developed diel-
ectric mixing model, which incorporates
particle-size distribution (texture),
salinity, and moisture content. This
dielectric constant information is neces-
sary for use in models which predict the
microwave sensor response as functions
of soil moisture.

4.5.1 Technical Objectives

Specific FY 1982 technical objectives
include the following:

• Continue basic research on micro-
wave sensor development and evalu-
ation, with particular reference to
measurement of dielectric properties
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An example was presented in the FY
1981 AgRISTARS Annual Report in which
the results of a radiative transfer model
predicting the 1.4 CHz brightness
temperatures for measured soil moisture
profiles were compared with the mea-
sured values. This analysis has been
extended to include the 1980 and 1981
measurements, and again, the results are
ve ry good.



75

Frequency (GHz): 5.1
Polarization: HH
o Whole Plant
o Stalks and Cobs
l::, Stalks
<> Soil
2 Two Overlapping Points
3 Three Overlapping Points

3 2
\ ~ 2
'0 •........Q 6.
3', 2°ZSo_o_ Stalks and cobs3 --2-- _

"',2 2
" 0,....

.....'0 .
'"¢, ....

.••..••.Soil

15 30 45 60
ANGLE OF INCIDENCE (Degr_)

3

stalk, at which point a measurement of
the bare ground was made. The results
for a corn field at 5.1 CHz are given in
figure 21. The vegetation cover appears
to have negligible effect on the radar
return when the view angle is within 15
degrees of vertical. Here the observed
return is dominated by the backscatter
from the soil, and the absorption by the
canopy is compensated for by the scat-
tering from the vegetation. At shallower
(more oblique) look angles, the scattering
from the plant dominates. It appears
that the scattering from the cobs has a
negligible effect •

tn the past year, the first radiometric
observations at wavelengths longer than
21 cm were reported. They were at
wavelengths of about 50 cm and are from
test sites in California and Maryland. As
expected, the longer wavelengths showed
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During field experiments in Califor-
nia, a technique for measuring bare field
surface roughness effects on microwave
response to soil moisture was used.· Poor
agreement resulted, and this indicates
the need for more advanced models.

Studying the scattering effects in
specific plant components, using bOth
act ive and passive microwave sensors,
was attempted during recent experi-
ments. The experiments were conducted
by making measurements of an initially
undisturbed plant canopy and then re-
peating the measurements after stripping
off the leaves, the fruits, and finally the
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a greater soil moisture sampling depth
and less sensitivity to surface roughness
or vegetation. The surprising and disap-
pointing result is that there appears to
be less sensitivity to soil moisture vari-
ations at the longer wavelengths for
smooth surfaces.

4.5.3 Seasat Data Utility

Analysis of SAR data for several Sea-
sat scenes has displayed the increased
soil moisture effects resulting from
rains. An example is the scene of
Waterloo, Iowa, acqui red on August 20,
1978, figure 22. The right hand side
contains the rainfall observations for this
area on August 19. By comparing the
rainfall map with the SAR scene, it is
clear that the rain of August 19 is the
cause of the increased brightness which
is seen in the eastern portion of the SA R
scene. Two major points of interest
arise from this interpretation. Fi rst,
although the area around Grundy Center
received only a trace of rain, it appears
as a region of brighter tone on the SAR

image. This indicates the sensitivity to
even small increases in soil moisture.
Secondly, the area around Marshalltown,
Iowa, also shows up as a region of
brighter tone; however, no rain was
reported for this area. This apparent
discrepancy can be resolved by conclud-
ing that the rain event occurred between
the rain gauges and, thus, was not re-
corded in the ground-based observa-
tions. This indicated the potential for
increased spatial coverage of rainfall
events that may be obtained with a
spaceborne SA R.

The high spatial resolution available
with the SAR provides the opportunity to
compare the satellite observations di-
rectly with ground measurements. Fig-
ure 23 is a comparison of the digitally
processed SAR data with ground mea-
surements of soil moisture for bare soil,
alfalfa, and sorghum (milo) fields in the
Oklahoma panhandle. The backscatter
from corn, either cut or standing, was
much stronger and showed no sensitivity
to soil moisture. This strong correlation

Tripol i Oelftin
0.0 0 11

.' ., Allison
, 0.0

[1dDr.
O. 0 eon,.

Figuroe 22.- Corrrparoisonof Seasat SAR irruge and roainfaU obserovations froom
WateroLoo, Iowa, aroea. (RainfaLL indi~ated is in i~hes.)
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4.5.4 In Situ Sensor Development

The development of an in situ nuclear

Figupe 23.- Seasat SAR backscattep
vepsus gpound measupements of soiL
moistupe fop individuaL fieLds.

The problem of determining the
moisture content in the soil profile has
been approached, using the statistical
method of studying the correlation
between the moisture content in surface
layer and that in the total profile. For
data obtained at Colby, Kansas, the
correlation between the 0-5 cm layer and
the 0-45 cm layer for corn fields was
found to be 0.75; while this is not
sufficient for a predictive relation, it
does indicate a relationship between the
moisture contents in the two layers.
Presently, soil physics models are being
studied to determine how knowledge of
the surface layer moisture can be ex-
ploited to obtain information on the
moisture content in the entire profile of
interest. These methods are concentrat-
ing on using remotely sensed data about
the surface to determine the moisture
fluxes at the surface that can be used in
moisture budgeting procedures for deter-
mining the moisture storage.

4.5.5 Profile Moisture Determination

magnetic resonance sensor that is cap-
able of measuring soil moisture quickly
and in a continuous manner has pro-
gressed rapidly during FY 1982.
Southwest Research Institute of San
Antonio, Texas, is in the final stage of
assembling the instrument.
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between the satellite backscatter
observations and the surface soil
moisture measurements is very en-
couraging. However, the strong back-
scatter from corn and the inherent sensi-
tivity to surface slope and roughness
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surface conditions before quantitative
estimates of soil moisture can be
inferred.
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4.6 DOMESTIC CROPS AND LAND
COVER

The DCILC crop acreage objectives
are to improve state and substate crop
acreage estimates by integrating Landsat
data with ground data from the existing
USDA program and to evaluate the
effectiveness of alternative procedures.
The land cover objectives are to explore
methods for meeting USDA needs for
land cover inventories, land use change
estimates, and mapping products of land
cove r.

This project is managed by the USDA
Statistical Reporting Service (SRS) with
support from NASA. Major crop esti-
mates are being addressed fi rst in the
U.S. Great Plains for wheat and in the
U.S. Corn Belt for corn and soybeans.
Plans call for adding two states each
year to the applied crop esti mation
resea rch.

DOMESTIC CROPS AND LAND COVER
Directed at automatic classification and estimation of land cover
with emphasis on major crops, this project uses landsat and
advanced sensor data to improve accuracy of data classification
on the local level.

4.6.1 Technical Objectives

Technical objectives during FY 1982
focused on the following:

• Developing, testing, and evaluating
operational procedures for estimating
the acreages of major crops over
large areas, such as a state.

• Completing the fi rst study to evalu-
ate SRS methodology to estimate
land use/land cover.
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• Developing procedures for estimating
crops in small areas such as counties.

• Evaluating new sensors for thei r
potential ability to distinguish crop
and land cover classes.

4.6.2 Crop Acreage Estimation Over
Large Areas

For the 1982 crop year, estimates of
harvested winter wheat acreages in three
states (Kansas, Colorado, and Oklahoma)
and planted corn and soybean acreages in
two states (Iowa and Illinois) were calcu-
lated by combining available Landsat
data with ground data. The ground data
consisted of information on field loca-
tions and acreages derived from the
USDA/SRS June Enumerative Survey
(J ES). Slight changes to standard JES
procedures were requi red to identify
areas of wasteland within cropped fields
and to extract the reported information
in a unique, field-identified format.

This joint use of data from Landsat
and from JES sample units requi res
accurate determination of sample-unit
locat ions within the Landsat scene.
Location to the nearest one-half pixel is
requi red. During FY 1982, the Auto-
matic Segment Matching Algorithm
(ASM A) for automatically positioning
JES sample units in Landsat data was
tested. In the ASM A test, the algorithm
eliMinated manual shifting procedures
for approxiMately three-fourths of the
sample units. In the event of algorithm
failure, the ASMA flags the sample unit
that it is to be manually shifted. During
FY 1982, the ASM A computer program
was used in the five-state crop-acreage
est imat ion work.

4.6.3 Land Use/Land Cover Estimation

During FY 1981-1982, a state-level
land cover study was conducted in
Kansas. All land within the 435 June
Enumerative sample segMents were



Figur'e 24.- CLassifieation map of pOr'tions of Happer', Sumner', SedfJlA'iek, and
Har'vey Counties, Kansas. (Seventeen Land eover' types ar'e dispLayed).
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enumerated into 17 land cover types.
These were used to develop a land cover
classification for the entire state.
Predictive relationships between the
ground and classified data were used to
produce state-level, statistically based,
acreage estimates for these cover types.
Regional land cover maps and associated
acreage estimates were also produced.
Figure 24 is a resultant generalized land
cover map of Harper, Sumner, Sedgwick
and Harvey Counties. Wichita, Kansas,
is easily discerned toward the top in this
figure.

Techniques for using Landsat digital
data to determine changes in land use
were also investigated in FY 1982. The
techniques developed use mult idate
Landsat data and are designed to work in
a range of environments. Testing of
these procedures has been conducted in
east central Louisiana, where cropland is
replacing large expanses of bottomland
hardwood forests, and in southwest
Kansas, where vast acreages of range-
land are being converted to irrigated
cropland. Figure 25 illustrates the
change detection techniques applied in
southwest Kansas.

The change detection techniques
produce land use and land change
information which can be put in a
geographical data base. This was
accomplished for the USDA/SR S area
sampling frame units in the Louisiana
and Kansas study sites. Figure 26
illustrates how change detection tech-
niques can be used as a potential aid in
updating USDA/SRS area sampling
fraMes in Concordia Parish, Louisiana.

4.6.4 Crop Acreage Estimation at the
County Level

During Fy 1982, two studies of crop
ac reage est i mat ion at t he county Ieve I
were conducted. One of these studies
was a comparison of two procedures, one
of which was selected for future USDA/
SRS Landsat projects.

The second study investigated the
effect of the classification procedure on
the relationship between a crop's Landsat
classification result and its ground
area. This second study was performed
by analyzing simulations of J ES ground
data and accompanying Landsat data. As
a part of this study, basic theory for

•• ".E SOILS/}
F"'LLOW FIELDS

••
••• O.ICULTU ••••L

C.OfftD LAND
FIILDS•••• IANOELAND

W"'TE.

Figu~e 25.- ILLust~ation of Land use changes in southwest Kansas. (The
inc~ease in the numbe~ of ci~cuLa~Ly i~~gated fieLds is highLighted by the
~egion in the ~ectangLe.)
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STRATUM

II n 75"-100" AGRICULTURE

II 12 50"-75" AGRICULTURE

II 20 15" -50" AGRICUlTURE

II 31 SUIURBAN

II 32 URIAN

II 33 RESORT

II 40 FORm LAND

II 62 WATER

Figu~e 26.- Updated a~ea sampling f~e fo~ Coneo~dia Pa~sh, Louisiana, using
ehange deteetion teehniques. (The ine~ease f~om left image to ~ght image in
ag~eultu~l use is d~tie.)

designing classification procedures which
are appropriate for crop acreage estima-
tion at the county level has been derived.

4.6.5 Evaluation of New Sensor Data

DATA

SAR and MSS
SA R alone
MSS alone

ACCURACY

81 %
59%
72%

Several FY 1982 studies investigated
the potential ability of new sensors to
distinguish crop and land cover classes.
These studies evaluated ai rcraft SA Rand
T MS data.

The evaluation and analysis of SAR
data were conducted using X-band, air-
craft SAR over: a Dade County, Florida,
t ruck garden (row crops) area; a paddy
rice area in Acadia Parish, louisiana;
and a forested area in Kershaw County,
South Carolina. The SA R data was digi-
tized and then processed separately and
in combination with landsat MSS data.

The results above indicate that
classification, using X-band SAR plus
bands 5 and 7 of landsat MSS, gives
significantly better results than SAR or
MSS alone for the South Carolina study
a rea.

Preliminary results from the Dade
County data set indicated significant
signature differences were present in the
multipass data in which one flight pass
was orthogonal to the other. This
suggests the usefulness of multipass data
for the detection of row crops.
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In Acadia Parish, surface wetness,
such as in rice fields flooded with water,
was detected using SAR polarization
dat a.

The TMS study attempted to relate
forest canopy closure to T MS spectral
values. The study site was in the San
Juan National Forest, Colorado. The
vegetation present was primarily aspen
and ponderosa pine.

The following observations were
made:

• As forest canopy closure increased,
the response in all TMS spectral
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bands dec rea sed.

• The high spectral reflectivity of the
background (such as dry soil or
senescing grasses) probably cont ri-
buted significantly to the response in
all bands.

• Out of the seven TM S bands, the
spectral response in band 5 was
probably most influenced by forest
canopy closure.

An equation for predicting forest
canopy closure from the spect ral
response in TMS band 5 was deve loped •



RENEWABLE RESOURCES INVENTORY

4.7 RENEWABLE RESOURCES
INVENTORY

The objectives of the RRI project are
the development and implementation, in
the USDA Forest Service, of new remote
sensing technology which will offer capa-
bilities in support of the national renew-
able resource assessment process. The
USDA Forest Service will be the user of
the technologies developed under the
RRI project. The Forest Service is the
management agency in this project.

4.7.2 Forest Management and Landsat
MSS Evaluation

The Phase II, Multiresource Inventory
Methods Pilot Test demonstration on the
usefulness of an interactive computer
geographic information syster'1 with an
interactive data base for operational and
planning activities at the district level of
the National Forest System was com-
pleted. Specifically, this study used
state-of-the-art computing systems to
demonstrate the incorporation of maps,
aerial photographs, and landsat-derived
polygon and attribute data in a data
base; the manipulating of data to create
new information; and the display of
various data layers. This demonstration,
using data from the Mancos District of
the San Juan National Forest, Colorado,
brought together many of the elements
of other R RI tasks and demonstrated
that they can be used as a tool for forest
management.

• Improving the capability to map and
characterize natural and managed
wildlife habitats.

19801973

Use of data from the
landsat multispectral
scanner and the more
detailed data from the
improved sensors is
planned.

(1) National inventory
(2) Stress/damage

assessment
(3) Timberland classi-

fication
(4) Envi ronmental!land

use

four main categories are
bei ng addressed:

4.7.1 Technical Objectives

The particular technical objectives in
FY 1982 were focused on:

• Improving methods for the collection,
di spl ay, and use of resou rce infor-
mation for forest management and
planning.

• Evaluating landsat technology as a
tool for supporting multiresource
inventories and forest planning.

• Demonstrating the capability to
r'1onitor, classify, and measure dis-
turbances and changes in forests and
rangeland.

• Evaluating TMS.

Four years of investigation have been
completed on the use of landsat and
geographic information systems for for-
est policy analysis with the State of
California. After completing a state-
wide Iand cover map in 1979, R RI per-
sonnel examined in detail five key for-
ested regions of the state, using super-
vised computer classification and data
base modeling techniques. The results of
this work have led to changes in the
forest management policy in California.

4.7.3 Change Detection and Disturbance
Monitoring

Evaluations, using landsat MSS data
demonstrating the capability to monitor
disturbance and change, were continued
in 1982. Results clearly demonstrated
that simple computer-aided analysis of
landsat MSS data is capable of
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accurately delineating healthy forest and
heavily defoliated forest. Results also
demonstrated that computer-aided anal-
ysis of Landsat MSS data can delineate
areas of change in a forest, especially
major changes such as logging, fi re,
avalanche, etc., as well as areas of no
change, thereby, reducing the resources
required for more detailed analysis of
changed areas.

4.7.4 TMS Evaluation

Several tests have been conducted
demonstrating the usefulness of TMS
data in forest management. The TM S is
an airborne, commercially available,
scanner with spectral bands very similar
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to those of the Landsat-4 T M. A test
over the Pearl River site in Mississippi
indicates that land cover for hay, old
fields, marsh, river bottom forest, mixed
forest, pine forest, and water can each
be computer-classified with an overall
accuracy of 92 percent, using differing
subsets of TMS channels. These results
offer encouraging prospects for use of
TM data to meet R RI objectives.

4.7.5 Wildlife Habitat Mapping

A test was conducted to evaluate the
utility of single-date categorized Land-
sat data as a source of land cover infor-
mation in assessing elk habitat quality.



CONSERVATION AND POLLUTION

4.8 CONSERVATION AND POLLUTION

4.8.1 Technical Objectives

4.8.2 Water Resources Management

Research has shown that remotely
sensed estimates of the surface soil
moisture would greatly improve esti-
mates of the disposition of precipi-
tation. Some precipitation enters the
soil and recharges the soil moisture
reservoir. That which exceeds the
infilt ration capacity becomes surface
runoff •

This past year was devoted to the
development of a usable infiltration
model that could be defined in terms of
surface soil moisture and soil parameters
that can be derived from available USDA
maps. An equation was used to generate
a synthetic infiltration series for an
array of conditions that could be en-
countered in the field. Experiments
were successfully conducted using this
equation to simulate infiltration by
relating cumulative infiltration capacity
to the amount of storage used.

• Studying the potential use of landsat
M SS data as input to pollution
Models, and evaluating methods of
remotely measuring atmospheric
oxidants in areas where impact on
vegetation is suspected.

• Using available visible, near-infrared,
thermal-infrared, and microwave
satellite data in conjunction with
radiometric measurements from
ground-based and aircraft systems to
determine the effects of snow phys-
ical properties and changes in condi-
tion.

Conservation entails:

(1) Conservation practices
(2) Water runoff studies
(3) Snowpack studies
(4) Thermal infrared

studIes of soil 427
moisture 70

Pollut ion studIes entail: /1; 'i':::::- Polluted stream

(1) Assessmentof 11/. !/'
contaminated Erosion
sediment runoff I potential

(2) Air pollution \ \ \ \
(3) Impact of total \ ~

pollution on forestry
and agriculture

The USDA/ARS manages the C/P
project with support from NASA and
NOAA.

Specific FY 1982 technical objectives
focused on the following:

The conservation assessment portion
of the C/P project addresses applications
in three areas: inventory of conservation
practices, estimation of water runoff
using hydrologic models, and determina-
tion of the physical characteristics of
snowpacks.

The pollution portion of the C/P pro-
ject will provide an assessment of con-
servation practices through the use of
remote sensing techniques to assess
quantitatively: sediment runoff, gaseous
and particulate air pollutants, and the
impacts of these factors on agricultural
and forest ry resources.

• Determining the suitability of present
and planned remote sensing data for
use in existing hydrologic models and
developing new models or components
to incorporate remotely sensed data
for water resources management.

The National Weather Service River
Forecast System (NWSRFS) model and
the associated National Weather Service
snowmelt model are currently being
modified to accept remote sensing input,
namely, snow cover extent, surface
water extent, snow water equivalent, and
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soil moisture. Major emphasis, thus far,
has been on development of a technique
for combining measurements from dif-
ferent sources (point, ai rcraft, space-
craft) to produce an areal average value
for input to the models. This technique
is essential for incorporating both con-
ventional and remotely sensed data in
the modified models. Testing of the
technique and modified models will be
conducted on watersheds to be selected.

4.8.3 Snowpack Studies

Field experiments were conducted in
northern Vermont and the U.S. Creat
Plains to develop techniques for
remotely measuring hydrologically
important snowpack properties. T ruck-
mounted and airborne microwave radio-
meters, operating at frequencies from 6
to 37 CHz (wavelengths from 5 to
0.8 em), were used. These studies indi-
cate the potential usefulness of micro-
wave emission measurements in distin-
guishing between wet and dry snowpacks
over large areas and in characterizing
the amount of snow present. The new
data confirm and expand results obtained
from radiative transfer modeling and
from similar experiments performed in
the Colorado Rocky Mountains during
previous winters. The field data also
suggest that the existence, spacing, and
thickness of ice layers strongly modulate
the microwave signature of snowpacks.
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In other snow research, investigators
developed a simple model to remove the
effects of forest cover from Ni mbus-7
Scanning Multichannel Microwave Radio-
meter (SMMR) data of snow fields under
a Michigan forest (see fig. 27). This
work extended microwave remote
sensing techniques to more hetero-
geneous snow-covered areas in that
previous studies have been limited to
large uniform regions like the U.S.
Northern Great Plains. The best corre-
lations between microwave response and
snow depth were obtained at the SMMR
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TB = BRIGHTNESS TEMPERATURE OF CELL

TBT = ESTIMATED BRIGHTNESS TEMPERATURE
OF TREES

f = PERCENT FOREST COVER IN CELL

TBC = RESIDUAL BRIGHTNESS TEMPERATURE
OF SNOW IN CELL

Figu~e 27.- snow depth ve~sus
Nimbus-7 SMMR mia~owave b~ghtness
tempe~tu~e ao~~eated fo~ fo~est
aove~ effeats.



WATER
ABSORPTION

REGION

frequency of 37 GHz; lower frequencies
showed increased effects of the under-
lying soil moisture.

4.8.4 Air Pollution and Vegetation
Impact

Research continued on the measure-
ment and analysis of field reflectance
spectra (500-2500 nm) of snap bean
plants receiving various low levels of
ozone (03) throughout the growing sea-
son. Snap beans were selected last year
as a good test species for injury induced
by pollutants, particularly ozone. The
data for the past 2 years were compared,
and the results suggest the following (see
fig. 28).

• The near-infrared inflectance in-
creases were not a good indicator of
03 damage because of the high varia-
bility of the measurements.

• The red region of the spectrum (600
to 700 nm) was a good measure of 03
damage.

• The problem noted with 03-induced
changes in red reflectance is absent
in the changes seen in the water ab-
sorption region of the near-infrared.

15

13

11

46

~
w
CJ
Z 44«
I-
CJ
W
..I

'"W
a: 42

22

20

18

-- Control •••••••••
- - - - Treated ••••••••

-""' ....
'"'"",'" RED

",'"=--

",'NEAR-IR ,,",
",""------""

,,---------/
/

"",",,,
"

012

TIME (DaySaft •. Ozone Exposure)

Figu~e 28.- Refleetance ehanges in
snap bean plants obse~ved one and
t~o days afte~ exp08u~e to 60 ppb
oaone fo~ 2 hou~s. (The "0" values
a~e ave~ge8 of ~efleetance measu~e-
ments made immediately p~o~ to
exposu~e. EMh point is the averoage
of five separoateexpe~ment8.)
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APPENDIX A
AgRISTARS MANAGEMENT AND ORGANIZATION

1. INTRODUCTION

The program scope of AgRIST ARS
specifically addresses the seven informa-
tion requirements identified by the
Secretary of Agriculture.3 It is
structured into projects designed to
conduct research, develop, test, and
evaluate the various applications of
aerospace technology. These projects
are designed to support a decision
regarding the routine use of remote
sensing technology by USDA.

2. RESPONSIBILITIES

The organization and management
philosophy recognizes that each involved
Government agency enters into an agree-
ment to support remote sensing research
which will address the information
requirements defined by the USDA.
Each Government agency budgets,
manages, and maintains control of the
resources necessary to meet its own
responsibilities as jointly agreed upon
(see fig. A-1).

3. JOINT MANAGEM ENT
ST RUCT U RE/O RGA N IZATION

The program utilizes the matrix man-
agement system. There are eight major
projects, each having a number of tasks
assigned to various line organizations of
the participating agencies. Each of the
eight projects has a project manager who
reports to a Program Management Team

3Joint Program of Research and
Development of Uses of Aerospace
Technology for Agricultural Programs,
February 1978.

(PM T). The PMT, in turn, takes its
direction and guidance from the Inter-
agency Coordinating Committee (lCC).
As viewed in figure A-2, the functional
relationships are structured into a three-
level management system, each having
distinct responsibilities.

3.1 INTERAGENCY POLICY BOARD

The Interagency Policy Board (I PB),
chaired by USDA, is a joint agency group
of policy-level officials at the Assistant
Secretary or equivalent level" It is
responsible for approving major inter-
agency agreements and establishing basic
policies and guidelines for the program.

3.2 INTERAGENCY COORDINATING
COMMITTEE (LEVEL 1)

The ICC is comprised of membership
from USDA, NASA, USDC, USDI, and
AID. It is chaired by the USDA and is
responsible for: approving AgRIST A RS
program objectives and establishing
priorities; approving the AgRI STA RS
Program Plan; assessing progress,
identifying problems, and developing
corrective actions; and coordinating the
use of resources assigned to the program.

3.3 PROGRAM MANAGEM ENT TEAM
(LEVEL 2)

The PMT represents a jOint approach
to management which provides partici-
pation, project integration, and needed
Visibility by all participants and assures
full responsiveness to USDA information
requi rements.

A-1
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USDA

• DEFINITION OF USDA INFORMATION
REQUIREMENTS.

• YIELD MODEL RESEARCH, DEVelOPMENT, AND
TESTING (RO&T) AND APPLICATIONS.

• RO&T - APPLICATIONS ANALYSIS FOR AREA,
YIELD, ANO PRODUCTION ESTIMATION.

• DEVELOPMENT OF AGRONOMIC/ANCILLARY DATA
BASE.

• USER EVALUATION.

• GROUND DATA COLLECTION.

• RD&T AND APPLICATIONS FDR CROP WEATHER
ASSESSMENTS.'

• RD&T AND APPLICATIONS FOR EW/CCA ANAL YSIS.

• RD&T AND APPLICATIONS FOR RRI ANAL YSIS.

• RD&T AND APPLICATIONS FOR'LANO USE,
PRODUCTIVITY AND C/P ANALYSIS.

• RO&T FOR SOIL MOISTURE MEASURING
TECHNIQUES.

• LARGE-8CALE APPLICATIONS TESTS.

NASA
• RD&T FOR FOREIGN CROP AREA ESTIMATION.

• RD&T FOR COMBINING AREA AND YIELD
ESTIMATES FOR FOREIGN CROP PRODUCTION.

• FIELD RESEARCH.

• LANDSAT DATA ACQUISITION.

• RD&T - SPECTRAL INPUTS TO YIELO MODELS.

• RD&T - SPECTRAL INPUTS TO QUANTITATIVE
EW/CCA.

• RO&T FDR SPECTRAL ANALYSIS RELATED TO
INVENTORY AND CONDITION ASSESSMENT
TECHNIQUES FOR RRI.

• RO&T INVENTORY AND MONITORING TECH·
NIQUES FOR LAND USE AND C/P.

• RD&T FOR REMOTELY SENSED SOIL
MOISTURE MEASURING TECHNIQUES.

• DEFINITION DF REQUIREMENTS FOR FUTURE
SENSORS (INCLUDING IN-8ITU).

USDC

• METEOROLOGICAL OATA BASE.

• RD&T ANO APPLICATIONS OF
ENVIRONMENTAL SATelLITE DATA.

• RD&T METEDROLOGICAL YielD MOOELS.

• RD&T WEATHER/CROP ASSESSMENTS.2

• RD&T ON USE OF CONVENTIONAL AND
SATELLITE·DERIVED METEOROLDGICAL DATA
APPLIED TO RRI AND C/P.

• RD&T ON TECHNIQUES FDR DETERMINING
SOIL MOISTURE.

USDI

• LANDSAT DATA STDRAGE, RETRIEVAL, AND
DlSSEMINATIDN.

AID

• EVALUATION OF UTILITY OF RD&T RESULTS
FOR APPLICATIONS IN DEVELDPING COUNTRIES.

lprimary emphasis is on assessment of crop conditions (e,g., yield, production) using meteorological data as an input to develop needed information.

2prirnary emphasis is on acquisition and evaluation of meteorological data in terms of its utility for crop condition assessment,

Figupe A-l.- AgRISTARS pesponsibilities of five GovePnment agencies.
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USER INTERAGENCY COORDINATING
EVALUATION COMMITTEETEAM

PROGRAM PROGRAM MANAGEMENT TEAM
SUPPORT STAFF
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EAR LY WARNINGI INVENTORY YIELD MODEL SUPPORTING
CROP CONDITION TECHNOLOGY DEVELOPMENT RESEARCH
ASSESSMENT DEVELOPMENT
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DOMESTIC CROPS RENEWABLE CONSERVATIONSOIL MOISTURE RESOURCESAND LAND COVER INVENTORY AND POLLUTION

Figuroe A-2.- Joint agenoy pr>DgY'ammanagement and funoticmal Y'elaticmships.



6. DOC UM ENT ATION

The PMT acts as the project change
authority for all issues and significant
changes affecting specified control
milestones and schedules and project
goals and objectives.

Internal reviews
various levels of
requi red.

are held at the
management as

3.4 PROG RAM SUPPORT STAF F

The Program Support Staff (PSS) is
led by USDA, has membership from all
agencies, and provides staff support to
the PMT.

4. PROJECT MANAG ERS (L EVEL 3)

Each of the projects is headed by a
project manager who was selected from
a participating agency, based principally
upon considerations of technical
expertise and expected levels of agency
involvement. The project managers are
responsible to the PMT for planning and
managing activities within their projects.
This includes defining project content,
identifying expected products and sched-
ules, assessing status and progress,
identifying problems, making change
recommendations, planning and defining
tasks, and participating with other
project managers in the integration of
the various projects.

5. REVIEW AND REPORTING

A review and reporting plan has been
established to support major program
planning and budgetary events.

Each year in the May-J une time
period, the PMT, project managers, and
task managers update each of the project
implementation plans to reflect current
budgets and the results and recommenda-
tions resulting from the various technical
reviews.

A-4

All aspects of the program are being
documented in full by: reports; technical
memoranda and journal articles, as
appropriate; press releases; and program
progress reports.

7. PARTICIPATING ORGANIZATIONS

Many elements of Government, indus-
try, and the university community are
participants in AgRIST A RS.



APPENDIX B
AgRISTARS PROGRAM AND PROGRAM-RELATED DOCUMENTATION

1. GENERAL

This appendix contains a by-project listing of all AgRI STA RS program and program-
related documentation from program inception through documentation of tasks
completed in FY 1982. The listing provided has been further subdivided within each
project into areas of plans, reports, procedures, etc., to facilitate easy retrieval of
desi red documentation.

2. REQUESTING DOCUM ENTS

2.1 AgRIST A RS DOCU M ENTS WITH NTIS NU MB ERS

Reproduction of all AgRI STA RS documents with NTIS numbers should be available by
writing:

National Technical Information Services
5285 Port Royal Road
Springfield, Vi rginia 22161

Otherwise, request documents according to inst ructions in sections 2.2 and 2.3.

2.2 CONTROLLED DOCUMENTS

Documents which carry an AgRIST ARS control number may be obtained from NASAIJ SC
by either telephone or mail request. Address requests to:

Lyndon B. Johnson Space Cente r
SK - Documentation Manager
Houston, Texas 77058
Telephone 713-483-4776

2.3 UNNUMBERED DOCUMENTS (00900 SERIES AND PRESENTATIONS)

Requests for material within this area will be honored based upon availability of data.
Requests should be made to:

Lyndon B. Johnson Space Center
(Appropriate Project)
SK - Program Support Staff
Houston, Texas 77058
Telephone 713-483-2548

B-1



PROJ ECT: AgRISTARS PROGRAM Reports - 00400
OOCUMENTATION (AP)

1-01. Soil Moisture/Early Warning and Crop Condition
A,ssessment Interface Control Document. MU-I 0-00101,
JSC-16842, Nov. 1980. NTIS: 82N19628.

1-02. Yield Model Development/Early Warning and Crop
Condition Assessment Interface Control Document. MU-
JO-o0102, ISC-16843, Nov. 1980.

1-03. Crop Condition Query Software Documentation.
EW-U-00103, ISC-18271, LEMSCO-18618, Sept. 1982.

1-04. Meteorological Satellite Data - A Tool to Describe
the Health of the World's Agriculture. EW-N1-04042, I SC-
17112, Feb. 1981. NTIS: 81N31596.

1-05. Hand-Held Radiometry - A Set of Notes Developed
for Use at the Workshop on Hand-Held Radiometry. EW-
U1-04052, JSC-17118, Oct. 1980. NTIS: 81N28496.

1-06. Soil Moisture Inferences From Thermal Infrared
Measurements of Vegetation Temperatures. EW-U1-04068,
ISC-17125, Mar. 1981. NTIS: 81N29500.

0-10. AgRISTARS Technical Program Plan.
AP-IO-o0628, ISC-17153, Jan. 15, 1980.

0-11. AgRISTAR5 Technical Program Plan - Appendix B -
Data Management Plan - Volume I. AP-IO-o0628-1,
ISC-17153, April 11, 1980.

0-12. AgRISTARS Data Management Plan. AP-L1-
00630, I SC-17158, May 1981.

0-13. AgRISTARS Technical Program Plan. AP-19-
00631, JSC-17395, April 20, 1979.

0-14. Management/Organization Plan. AP-IO-o0632,
JSC-17396, Jan. 15, 1980.

0-15. Revised Program Plan. AP-IO-o0659, JSC-18578,
Sept. 1982.

1-07. Large Area Application of a Corn Hazard Model.
EW-U1-04074, JSC-17130, Mar. 1981. NTIS: 81N28497.

1-08. The Characteristics of TlROS, GOES, DM5P, and
Landsat Systems. EW-N1-04075, ISC-17131, Mar. 1981.
NTIS: 81N29506.

1-09. The Environmental Vegetative Index - A Tool
Potentially Useful for Arid Land Management. EW-N1-
04076, 15C-17132, Mar. 1981. NTIS: 81N29505.

1-10. Canopy Temperature as a Crop Water Stress Indi-
cator. EW-U1-o4077, ISC-17133, Mar. 1981. NTIS:
81N33566.

1-11. Registration Verification of SEA/AR Fields. EW-
L1-04101, ISC-17251, LEMSCO-16204, May 1981. NTIS:
82N21635.

1-12. Plant Cover, Soil Temperature, Freeze, Water
Stress, and Evapotranspiration Conditions. EW-U1-04103,
ISC-17143, Mar. 1981.

1-13. Utilization of Meteorological Satellite Imagery for
Worldwide Environmental Monitoring: The Lower
Mississippi River Flood of 1979. EW-N1-o4104,ISC-17144,
Mar. 1981. NTIS: 82N22588.

1-14. Techniques in the Use of NOAA 6-n Data for Crop
Condition Evaluation. EW-N1-o4105, I SC-17145, Apr.
1981.

1-15. Two Layer Soil Water Budget Model - A Tool for
Large Area Soil Moisture Estimates. EW-U1-04106, ISC-
17146, Apr. 1981.

1-16. Comparison of Landsat-2 and Field Spectrometer
Reflectance Signatures of South Texas Rangeland Plant
Communities. EW-U1-o4107, ISC-17147, Apr. 1981.

1-17. Environmental Factors During Seed Development
and Their Influence on Pre-Harvest Sprouting in Wheat.
EW-U1-04115, ISC-17157, May 1981. NTIS: 82N22589.

1-18. A Meteorological Driven Maize Stress Indicator
Model. EW-U1-04119, JSC-17399, luly 1981. NTIS:
82N 23564.

1-19. Review of Literature Relating to the Modeling of
Soil Temperature Based on Meteorological Factors. EW-
21-04124, NAS-916007, luly 1981. NTIS: 82N22544.

1-20. Airborne Observed Solar Elevation and Row
Direction Effects on the Near-IR/Red Ratio of Cotton.
EW-U1-o4144, ISC-17420, Aug. 1981. NTIS: 82N23593.

1-21. Agricultural Research Service Research Highlights
in Remote Sensing for Calendar Year 1980. EW-R1-04147,
luly 1981. NTIS: 82N23601.

1-22. A Look At the Commonly Used Landsat Vegetation
Indices. EW-L1-04134, ISC-17413, LEMSCO-16844, Oct.
1981. NTIS: 82N21657.

1-23. An Empirical, Graphical, and Analytical Study of
the Relationships Between Vegetative Indices. EW-11-
04150, ISC-17424, Oct. 1981. NTIS: 82N22592.

1-24. Predicting the Timing and Potential of the Spring
Emergence of Overwintered Populations of Heliothis Spp.
EW-U1-04185, T-4629H, April 1981.

1-25. Area Estimation of Environmental Phenomena
from NOAA-n Satellite Data. EW-L1-04190,ISC-17437,
LEMSCO-17312, Oct. 1981. NTIS: 82N24553.

1-26. A Meteorologically Driven Grain Sorghum Stress
Indicator Model. EW-U1-o4208, ISC-17797, Nov. 1981.
NTIS: 82N23591.
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0-01. AgRISTARS Annual Report. AP-JO-o4111,198\l.
NTIS: 82N23609.

0-02. AgR 1STAR S Documents Tracking List Report.
AP-L 1-04116, First Edition, Feb. 1981.

0-03. AgR 1STARS Documents Tracking List Report. AP-
L1-04116, Second Edition (February, March, April, May
1981), lune 1981.

0-04. AgR 1STAR S Documents Tracking List Report. AP-
L1-04116, Third Edition (Through September 1981).

0-05. AgRISTARS Documents Tracking List Report. AP-
U-04116, Fourth Edition (Through March 1982).

0-06. AgRISTARS Documents Tracking List Report. AP-
U-04116, Fifth Edition (Through June 1982).

0-07. AgRISTARS Documents Tracking List Report. AP-
U-04116, Sixth Edition (Through December 1982).

0-08. Data Directory Report, AP-j1-04137, JSC-17415.

0-09. AgRISTARS Annual Report - Fiscal Year 1981.
A P-I 2-04225, Ian. 1982.
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1-58. Early Warning/Crop Condition Assessment Imple-
mentation Plan. EW-10-C0617, ISC-16852, 1980.

1-59. Early Warning/Crop Condition Assessment Imple-
mentation Plan. EW-11-C0622, ISC-16862, 1981.

1-60. Early Warning/Crop Condition Assessment Project
Implementation Plan. EW-U1-Q0649, ISC-17800, 1982.

1-61. Program Development and Maintenance Stand-
ards. EW-UO-00700, 15C-16367, June 1980.

1-62. limited Area Coverage/High Resolution Picture
Transmission, lAC/HR PT Tape Conversion Processor
User's Manual. EW-lO-Q0701, JSC-16373, lEMSCO-15325,
Sept. 1980. NTIS: 81 N13433.

1-63. limited Area Coverage/High Resolution Picture
Transmission (lAC/HR PT) Tape IJ Grid Pixel Extraction
Processor User's Manual. EW-lO-Q0702, ISC-16374,
lEM5CO-15326, Sept. 1980. NTIS: 81N13428.

1-64. limited Area Coverage/H igh Resolution Picture
Transmission (lAC/HR PT) Data Vegetative Index
Calculation Processor User's Manual. EW-lO-Q0703, ISC-
16375, lEMSCO-15327, Sept. 1980. NTIS: 81N13429.

1-46. Optical Parameters of leaves of Seven Weed
Species. EW-U2-04328, 1SC-18259, June 1982.

1-47. 'Semi-Annual Progress Report Development of An
Early Warning System of Crop Moisture Conditions Using
Passive Microwave.' EW-T2-Q4329, NAS9-16556, April
1982.

1-48. Adjusting the Tasseled Cap Brightness and Green-
ness Factors for AtmospheriC Path Radiance and Absorp-
tion on a Pixel by Pixel Basis. EW-U2-Q4334, ISC-18260,
1uly 1982.

1-49. Comparison of landsat-2 and Field Spectrometer
Reflectance Signature of South Texas Rangeland Plant
Communities. EW-U2-Q4335, 1SC-18261, luly 1982.

1-50. Computer Program Documentation for the
Pasture/R ange Condition Assessment Processor. EW-l2-
04340, ISC-18265, lEMSCO-18627, luly 1982.

1-51. ANNUAL REPORT: Agricultural Research Service
- Research Highlights in Remote Sensing for Calendar
Year 1981. EW-R2-Q4345,ISC-18268.

1-52. SMDATA Program Documentation. EW-12-04346,
ISC-18269, lEMSCO-18646, Sept. 1982.

1-53. Diurnal Patterns of Wheat Spectral Reflectance
and Their Importance in the Assessment of Canopy
Parameters From Remotely Sensed Observations. EW-U2-
04349, 1SC-18561, Sept. 1982.

1-54. Comparisons Among a New Soil Index and Other
T INo-And-Four-Dimensional Vegetation Indices. EW-U2-
04350, ISC-18562, 5ept. 1982.

1-55. Use of a Near-Infrared Video Recording System for
the Detection of Freeze-Damaged Citrus leaves. EW-U2-
04351, ISC-18563, Sept. 1982.

1-56. Computer Program Documentation for the
Processor Option. EW-12-04357, J SC-18571, l EMSCO-
18761, Sept. 1982.

1-57. Semi-Annual Program Review Presentation to
level 1, Interagency Coordination Committee. EW-U2-
04379, ISC-18582, Nov. 1982.

1-27. Evaluation of the Dorais.vamy-Thompson Winter
Wheat Crop Calendar Model Incorporating a Modified
Spring Wheat Sequence. EW-U1-Q4212, 15C-17801, Nov.
1981. NTIS: 82N23580.

1-28. T.vo-Channel Metsat to Universal Format
Conversion Program (M ET2CH2UF) User's Guide. EW-l1-
04215, 15C-17803, lEM5CO-17262, Dec. 1981.

1-29. Program RAWPlT User Guide: Plotting of
landsat, Sun-angle, and AtmospheriC - Corrected Data
Versus Acquisition Date. EW-l1-04216, ISC-17804,
lEMSCO-17331, April 1982.

1-30. A Revie.v of Remote Sensing and Grasslands
literature. EW-l2-04223, 1SC-17809, l EM5CO-17644,
Feb. 1982. NTIS: 82N24555.

1-31. Increase of Cold Tolerance in Cotton Plant
(Gossypium Hirsutum l.) by Mepiquat Chloride. EW-U2-
04243, 15C-17817, Feb. 1982.

1-32. Reflectance Measurements of Cotton leaf
Senescence Altered by Mepiquat Chloride. EW-U2-04244,
ISC-17818, Feb. 1982.

1-33. Preliminary Study for Correlation of Meteorolog-
ical Satellite Opening (METSAT) Data With landsat Data.
EW-12-Q4248, ISC-17821, lEMSCO-17307, March 1982.

1-34. Reflectance Differences BetINeen Target and
Torch Rape Cultivars. EW-U2-Q4250, ISC-17823, March
1982. NTIS: 82N24544.

1-35. leaf Reflectance Nitrogen Chlorophyll
Relations Among Three So. Texas Woody Rangeland Plant
Species. EW-U2-Q4251, ISC-17824, Feb. 1982. NTI5:
82N 24545.

1-36. Reflectance of litter Accumulation levels at 5
Wavelengths Within 0.5 to 2.5um Waveband. EW-U2,.
04252, 15C-17825, March 1982. NT IS: 82N 24542.

1-37. Optical Parameters of leaves of Weed Species.
EW-U2-Q4253, ISC-17826, March 1982. NTI5: 82N24546.

1-38. Use of landsat 2 Data Technique to Estimate
Silverleaf SunflolNer Infestation. EW-U2-Q4254, 1SC-
17827, Feb. 1982. NTIS: 82N24547.

1-39. Semi-Annual Program Review Presentation to
level 1, Interagency Coordination Committee. EW-J2-
04276, ISC-17822, April 19, 1982.

1-40. Determination of Growth and Water Stress in
Wheat by Various Vegetation Indices Through a Clear and a
Turbid Atmosphere. EW-U2-04298, ISC-18241, May 1982.

1-41. Advanced Very High Resolution Radiometer
(AVHRR) Data Evaluation for Use in Monitoring Vegeta-
tion Volume I - Channels 1 and 2. EW-l2-Q4303, JSC-
18243, l EMSC0-17383, May 1982.

1-42. Computer Program Documentation for the Flood
Damage Assessment Processors. EW-12-04312, ISC-
18246, lEMSCO-18237, April 1982.

1-43. Influence of Environmental Factors During Seed
Development and After Full-R ipeness on Pre-Harvest
Sprouting in Wheat. EW-U2-04319, J5C-18254, lune 1982.

1-44. Estimating Total Standing Herbaceous Biomass
Production with landsat MSS Digital Data. EW-U2-04320,
ISC-18255, lune 1982.

1-45. Winter Wheat Stand Density Determination and
Yield Estimates from Handheld and Airborne Scanners.
EW-U2-Q4327, 15C-18258, June 1982.

E WIC C A

E W IC C A

Plans - 00600

Procedures - 00700

B-3



1-65. Allen, L. H., Jr., J. F. Bartholi c, R. G. Bill, Jr.,
A. F. Cook, H. E. Hannah, K. F. Heimberg, W. H. Henry,
K. Hokkanen, F. G. Johnson, and J. W. Jones:
Evapotranspiration Measurements. Florida Water
Resources, NAS 10-9348, Final Report, IF AS, Univ. of
Florida, in cooperation with NASA, Kennedy Space Center,
South Florida Water Management District, and USDA,
SEA-A R, 1960, pp. 5.6-1 to 5.6-88.

1-86. Allen, R. F., R. D. Jackson, and P. J. Pinter, Jr.:
To Relate Landsat Data to U.S. Agriculture. Agric. Eng.,
vol. 61, no. 11,1980, pp. 12-14.

1-87. Brazel, A. J., and S. B. Idso: Thermal Effects of
Dust on Climate. Annals Assoc. American Geographers,
vol. 69, 1979, pp. 432-437.

1-88. Chen, E., L. H. Allen, Jr., J. F. Bartholic, R. G.
Bill, Jr., and R. A. Sutheland: Satellite-Sensed Winter
Nocturnal Temperature Patterns of the Everglades
Agricultural Area. J. Appl. Meteorol., vol. 16, 1979, pp.
992-1002.

1-89. Detect ion and Measure ment of Changes in the
production and Quality of Renewable Final Dry Matter
Accumulation - Final Report. NASA Tech. Memo., (sub-
mitted Nov. 1980).

1-90. Diez, J. A., W. G. Hart, S. J. Ingle, M. R. Davis,
and S. Rivera: The Use of Remote Sensing in Detection of
Host Plants of Mediterranean Fruit Flies in Mexico. Proc.
14th Int. Symposium on Remote Sensing of Environment,
vol. II, 1980, p. 675.

1-91. Everitt, J. H., A. H. Gerbermann, M. A. Alaniz,
and R. L. Bowe~ Using 70-mm Aerial Photography to
Identify Rangeland Sites. Photogrammetric Eng. and
Remote Sensing, 1980, pp. 1339-1348.

1-92. Everitt, J. H., A. H. Gerbermann, M. A. Alaniz,
and R. L. Bowen: Using 70-mm Aerial Photography to
Identify South Texas Rangeland Sites. Proc. 46th Annual
Meeting of American Soc. Photogrammetry, 1980, pp. 409-
425.

1-93. Gausman, H. W., I. R. Everitt, and D. E. Escobar:
Seasonal Nitrogen Concentration and Reflectance of Seven
Woody Plant SpeCies. J. Rio Grande Valley Hort. Soc., vol.
33, 1979, pp. 101-104.

1-94. Gausman, H. W" J. H. Everitt, and D. E. Escobar:
Leaf Reflectance-Nitrogen-C hlorophyll Relations Among
Three South Texas Woody Rangeland Plant Species. J. Rio
Grande Valley Hort. Soc., vol. 34,1980, pp. 61-66.

1-95. Gerbermann, A. H., I. H. Everitt, and H. W.
Gausman: Reflectance of Litter Accumulation Levels at
Five Wavelengths Within the 0.5- t02.5-\lm Waveband,
(submitted to Photogrammetric Eng. and Remote Sensing).

1-96. Hatfield, J. L., J. P. Millard, R. J. Reginato, R. D.
Jackson, S. B. Idso, P. J. Pinter, Jr., and R. C.
Goettelman: Spatial Variability of Surface Temperature as
Related to Cropping Practice With Implications for
Irrigation Management. Proc. 14th Annual Symposium on
Remote Sensing of the Environment, 1980, pp. 1311-1320.

1-97. Idso, S. B.: Book Review 'Boundary Lasyer Cli-
mates,' by T. R. Ok. Agric. Meteorol., vol. 22, 1980, p. 81.

1-98. Idso, S. B.: The Climatological Significance of a
Doubling of Earth's Atmospheric CO2 Concentration.
Science, vol. 207,1980, pp. 1462-1463.

1-65. Tape MergejC opy Processor. EW- LO-00704, 15C-
16381, LEM5CO-15356, Sept. 1980. NTIS: 81N13417.

1-66. EROS to Universal Tape Conversion Processor.
EW-LO-00705, JSC-16382, LEMSCO-1S357, Sept. 1980.
NTIS: 81N13430.

1-67. Conversion of 5PU-Universal Disk File to JSC-
Universal Tape Storage - CONVRT User's Guide. EW-LO-
00706, JSC-16821, LEMSCO-15608, Sept. 1980. NTIS:
81N29501.

1-68. Patch Image Processor User's Manual. EW-LO-
00707, JSC-16833, LEMSCO-15692, Sept. 1980. NTIS:
81N21418.

1-69. SKI P Subsampling Processor User's Manual. EW-
LO-00708, JSC-16854, LEMSCO-15114, Nov. 1980.

1-70. Computer Program Documentation for the Patch
Subsampling Processor. EW-L 1-00709, JSC-16855,
LEMSCO-15119, Ian. 1981. NTIS: 82N22541.

1-71. Wheat Stress Indicator Model, Crop Condition
Assessment Division (C C A D) Data Base Interface Driver,
User's Manual. EW-Ll-00711, ISC-17114, LEMSCO-16034,
Feb. 1981. NTIS: 82N19607.

1-72. Winterkill Indicator Model, Crop Condition
Assessment Division (CCAD) Data Base Interface Driver,
User's Manual. EW-L 1-00713, ISC-17117, LEMSCO-16033,
Mar. 1981. NTIS: 85N15492.

1-73. General Graphing System (G RA PH) User Guide.
EW-L 1-00716, JSC-17397, LEMSCO-16667, June 1981.

'-74. Wheat Stress Indicator Model, Early Warning (EW)
Data Base Interface Driver, User's Manual. EW- L1-00732,
JSC-17793, LEMSCO-17179, Nov. 1981. NTIS: 82N21652.

1-75. Winterkill Indicator Model, Early Warning (EW)
Data Base Interface Driver, User's Manual. EW-L 1-00733,
ISC-17794, LEMSCO-17178, Nov. 1981. NTIS: 82X74779.

1-76. Two-Layer Soil Moisture Model, Early Warning
(EW) Data Base Interface Driver, User's Manual. EW-L 1-
00734, JSC-17795, LEMSCO-17193, Nov. 1981. NTIS:
82X74780.

1-77. Flood Damage Assessment Processor's, Early
Warning, User's Manual. EW-L2-00741, JSC-18225,
L EMSCO-18055, April 1982.

1-78. M ETSAT5 Program Documentation. EW-L2-00743,
ISC- 18238, LEMSCO-18206, May 1982.

1-79. METSAT Image Ratification Program (RECTIF)
User Guide. EW-L2-00749, JSC-18252, LEMSCO-18244,
May 1982.

1-80. Program SMDATA User Guide. EW-L2-00751,
JSC-18262, LEMSCO-18504.

1-81. M ETSA T to Universal Format User Guide. EW-L2-
00753, JSC-18267, LEMSCO-18641.

1-82. PasturejR ange Condit ion Assessment Processor
User's Manual. EW-L2-00754, ISC-18567, LEMSCO-18688,
Sept. 1982.

1-83. M ETSA T to Universal Format Reformatting
Program. EW- L2-00755, JSC-18568, L EMSCO-18690, Sept.
1982.

1-84. Data Base Model Processor System User Guide and
Program Documentation. EW-L2-00756, Oct. 1982.
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1-99. Idso, S. B.: Evaluating Evapotranspiration Rates.
Proc. Deep Percolation Symposium (Scottsdale, Ariz.).
Rep. 1, Ariz. Dept. of Water Resources, 1980, pp. 2S-36.

1-100. Idso, S. B.: On the Apparent Incompatibility of
Different Atmospheric Thermal Radiation Data Sets.
Quart. I. Roy. Meteorol. Soc., vol. 106, 1980, pp. 375-376.

1-101. Idso, S. B.: Relative Rates of Evaporative Water
Losses From Open and Vegetation-Covered Bodies. Water
Resources Bull. (in press).

1-102. Idso, S. B.: Reply to 2 'Letters to the Editor' of
Science in Regards to a Paper of S. B. Idso on 'Carbon
~ and Climate.' Science, vol. 210, 1980, pp. 7-8.

1-103. Idso, S. B.: Terrain Sensing, Remoter. McGraw-
Hill Yearbook of Science and Technology, D. N. Lopedes,
ed., 1979, pp. 392-393.

1-104. Idso, S. B., R. D. Jackson, p. J. Pinter, Jr., R. J.
Reginato, and I. L. Hatfield: Normalizing the Stress-
Degree-Day Parameter for Environmental Variability.
Agric. Meteorol. (in press).

1-105. Idso, S. B., R. I. Reginato, I. L. Hatfield, G. K.
Walker, R. D. lackson, and P. J. Pinter, Jr.: A
Generalization of the Stress-Degree-Day Concept of Yield
Prediction to Accommodate a Diversity of Crops. Agric.
.'vI eteorol., vol. 21, 1980, pp. 205-211.

1-106. Ingle, S. I.: Trabajos hechos de la percepcion
remota. Presented at 3rd Simposio de Prasitologic
Agricola (Monterrey, Mexico), 1980.

1-107. Jackson, R. D., V. V. Salomonson, and T. I.
Schmugge: Irrigation Management - Future Techniques.
Proc. American Soc. Agric. Eng. Second Nat. Irrigation
Symposium (Lincoln, Neb.), Oct. 1980.

1-108. lackson, R. D., S. B. Idso, R. J. Reginato, and
P. I. Pinter, Jr.: Remotely Sensed Crop Temperatures and
Reflectances as Inputs to Irrigation Scheduling. Proc.
American Soc. Civil Eng. Specialty Conf. (Boise, Idaho),
I uly 23-2S, 1980, pp. 390-397.

1-109. Kanemasu, E. T., A. Feyerherm, J. Hanks,
M. Keener, D. Lawlor, P. Rasmussen, H. Reetz, K. Saxton,
and C. Wiegand: (C oauthors in alphabetical order.) Use of
Soil Moisture Information in Crop Yield Models. Tech.
Rep. SM-MO-00462, NAS 9-14899, Evapotranspiration Lab.,
Kansas State Univ. (Manhattan, Kans.), 41 pp.

1-110. Kimes, D. S., B. L. Markham, C. I. Tucker, and I. E.
McMurtrey, III: Temporal Relationships Between Spectral
Response and Agronomic Variables of a Corn Canopy.
Remote Sensing of Environ. (submitted Aug. 1980).

1-111. Kimes, D. S., S. B. Ic;lso, P. I. Pinter, I r., R. D.
Jackson, and R. J. Reginato: Complexities of Nadir-
Looking Radiometric Temperature Measurements of Plant
Canopies. Appl. Optics, vol. 19, 1980, pp. 2162-2168.

1-112. Kimes, D. S" S. B. Idso, P. I. Pinter, Ir., R. I.
Reginato, and R. D. Jackson: View Angle Effects in the
Radiometric Measure ment of Plant Canopy
Temperatures. Remote Sensing of Environment (in press).

1-113. The Large Area Operational Application of the
Winterkill Model Using Realtime Data and Evaluation of
the Results. USDA FAS-CCAD Tech. Memo 13, Nov. 1980.

1-114. Lautenschlager, Lyle F.: Comparison of Vegeta-
tive Indices, AgRIST ARS Early Warning Review, Apr. 1981.

1-11 S. Lautenschlage r, Lyl e, F.: Correlat ions Between
Vegetative Indices and Plant Components, AgRIST ARS
Early Warning Reviews, May 1980 and April 1981.

1-116. Lautenschlager, Lyle F.: Sampling Full-Frame Data,
AgRISTARS Early Warning Reviews, May 1980 and Apr. 1981.

1-117. Leamer, R. W., and I. R. Noriega: Reflectance
Brightness Measured Over Agricultural Areas. Agric.
Meteorol., vol. 23, 1981, pp. 1-8.

1-118. LeMaster, E. W., I. E. Chance, and C. L.
Wiegand: A Seasonal Verification of the Suits Spectral
Reflectance Model for Wheat. Photogrammetric Eng. and
Remote Sensing, vol. 46, no.1, 1980, pp. 107-114.

1-119. R. F. Liston, (Forest Service, USDA): Final
Report - Methods for Determination of REU Survey Plot
and County Boundary Coordinates, Sept. 1980.

1-120. LeMaster, E. W" I. E. Chance, and C. L.
Wiegand: A Seasonal Verification of the Suits Spect ral
Reflectance Model for Wheat. Photogrammetric Eng. and
Remote Sensing, vol. 46, no. 1, 1980, pp. 107-114.

1-121. M'lIlila, W. A., P. F. Lambeck, E. P. Crist, R. D.
I ackson, and P. I. Pinter, I r.: Landsat Features for
Agricultural Applications. Proc. 14th Annual Symposium
on Remote Sensing of Environment, 1980, pp. 793-803.

1-122. Markham, B. L., D. S. Kimes, C. I. Tucker, and
J. E. McMurtrey, III: The Relationship of Temporal
Spectral Response of a Corn Canopy to Grain Yield and
Final Dry Matter Accumulation. NASA Tech. Memo
(submitted Nov. 1980).

1-123. McFarland, I. C" R. D. Watson, A. F. Theisen,
R. D. lackson, W. L. Ehrler, P. I. Pinter, I r., S. B. Idso,
and R. I. Reginato: Plant Stress Detection by Remote
Measurement of Fluorescence. Appl. Optics, vol. 19,1980,
pp. 3287-3289.

1-124. Meyerdirk, D. E., I. B. Kreasky, and W. G. Hart:
Whiteflies (Aleyrodidae) Attacking Citrus in Southern
Texas With Notes on Natural Enemies. Southwest
Entomol. (in press).

1-125. Millard, J. P., R. J. Reginato, S. B. Idso, R. D.
Jackson, R. C. Goettelman, and M. J. LeRoy:
Experimental Relations Between Airborne and Ground
Measured Wheat Canopy Temperatures. Program met ri c
Eng. and Remote Sensing, vol. 46, 1980, pp. 221-224.

1-126. Multiresource Inventory Methods Pilot Test
(Phase 1), Final Report. Oct. 1980, Earth Satellite
Corporation (ESC).

1-127. Musick, I. T., and R. A. Dusek: Planting Date and
Water Deficit Effects on Development and Field of Irri-
gated Winter Wheat. Agron. I., vol. 74, 1980, pp. 45-52.

1-128. Nixon, P. R., B. G. Goodier, and W. A. Swanson:
Midday Surface Temperatures and Energy Changes in a
Residential Landscape. J. Rio Grande Valley Hort. Soc.,
vol. 34, 1980, p. 39.

1-129. Pinter, P. J., Jr., R. D. lackson, S. B. Idso, and
R. I. Reginato: Multidate Spectral Reflectances as
Predictors of Yield in Water Stressed Wheat and Barley.
Int. J. Remote Sensing (in press).

1-130. Reginato, Robert I.: Remote Assessment of Soil
Moisture. Proc. Seminar on Isotope and Radiation
Techniques in Soil Moisture. Proc. Seminar on Isotope and
Radiation Techniques in Soil Water Studies, Khartoum,
Sudan, 1979 (in press).

1-131. Richardson, A. I., D. E. Escobar, H. W. Gausman,
and J. H. Everitt: Compari son of Landsat-2 and Field
Spectrometer Reflectance Signatures of South Texas
Rangeland Plant Communities. Sixth Annual Symposium
on Machine Processing of Remotely Sensed Data, Purdue
Univ. (w. Lafayette, Ind.), lune 3-6,1980.
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2-01. ERSYS-SPP Access Method Subsystem Desilln
Specification. MU-11-00300, Sept. 1980.

2-02. 'As-Built' Design Specification for Proportion Esti-
mate Processor. FC-L 1-00310, Nov. 1981. NTIS: 82X74791.

2-03. 'As-Built' DeSign Specification for a PIA Modified
Display Subsystem. FC-L 1-00311, Nov. 1981. NTIS:
82X74793.

2-04. Corn/Soybeans DeciSion Logic: Improvements and
New Crops. FC-LO-00420, ISC-16301, LEMSCO-14084,
Ian. 1980. NTIS: 80N23744.

2-05. Evaluation of Transition Year Canadian Test
Sites. FC-LO-00422, I SC-16338, LEMSC0-14320, Ap r.
1980. NTIS: 80N26718.

2-06. Evaluation of Results of U.S. Corn and Soybeans
Exploratory Experiment Classification Procedures
Verification Test. FC-LO-00423, ISC-16339, LEMSCO-
14386, Sept. 1980. NTIS: 81N13432.

2-07. Estimation of Within-Stratum Variance for Sample
Allocation. FC-Lo-00428, ISC-16343, LEMSCO-14067,
luly 1980. NTIS: 81N12516.

2-08._ Profile Similarity Feasibility Study. FC-LO-00429,
ISC-16246, LEMSCO-14010, Feb. 1980.

2-09. Statistical Outlier Detection (SOD): A Computer
Program for Detecting Outliers in Data. FC-Lo-00432,
ISC-16346, LEMSCO-14594, lune 1980. NTIS: 80N30848.

1-132. Smika, D. E., and Shawcroft, R. W.: Preliminary
Study Using a Wind Tunnel to Determine the Effect of Hot
Wind on a Wheat Crop. Field Crops Res., vol. 3, 1980, pp.
129-134.

1-133. Tucker, C. I., I. H. Elgin, Jr., and I. E.
McMurtrey, Ill: Relationship of Crop Radiance to Alfalfa
Agronomic Values. Int. I. Remote Sensing, vol. 1, no. 1,
1980, pp. 69-7S.

1-134. Tucker, C. I., B. N. Holben, I. H. Elgin, I r., and
I. E. McMurtrey, 111: Relationship of Spectral Data to
Grain Yield Variation. Photollrammetric Enll' and Remote
Sensing, vol. 46, no. S, 1980, pp. 657-666.

1-135. Tucker, C. I., B. N. Holben, I. H. Elgin, Ir., and
I. E. McMurtrey, 111: Remote Sensing of Total Dry-Matter
Accumulation in Winter Wheat. NASA TM 80631, Ian.
1980.

1-136. Wieland, C. L., and J. A. Cuellar: Direction of
Grain Filling and Kernal Weight of Wheat as Affected by
Temperature. Crop Sci., vol. 21,1981, pp. 94-101.

1-137. Wieland, C. L., A. H. Gerbermann, and J. A.
Cuellar: Development and Yield of Hard Red Winter
Wheats Under Semitropical Conditions. Agron. I., vol. 73,
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Testing. FC-LO-00480, ISC-16380, LEMSCO-14811, Oct.
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LEMSCO-16575, Dec. 1981. NTIS: 82N24541.
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LEMSCO-16938, luiy 1981. NTIS: 82X74788.
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EstimatiOll of Crop Acreales. FC-L 1-04155, ) SC-17427,
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82N23594.

2-50. Preliminary Technical Results Review of FY81
Experiments, Vols. I and II. FC-j1-04175, )SC-17433,
Sept. 1981. NTIS: 82N22591.

2-51. A Gradient Model of Vegetation and Climate
Utilizing NOAA Satellite Imalery Phase I: Texas
Transect. FC-j1-04176, ISC-17435, Aug. 1981. NTIS:
82N21648.

2-52. Semi-Annual Project Management Report
Program Review Presentation to Level I Interagency
Coordination Committee. FC-11-04181, )SC-17438, Nov.
1981. NTIS: 82N23604.

2-53. Application of Thermal Model fnr Pan Evaporation
to the Hytlrnlngy of a Defined Medium, the Sponge. FC-
L1-04192, )SC-17440, LEMSCO-16935, Nov. 1981. NTIS:
82N 23590.

2-54. Determination of the Optimal Level for NAS
Combining Area and Yield Estimates, FC-P1-04197, I SC-
15466, Oct. 1981. NTIS: 82N21673.

2-55. Information Presented at the Quarterly Project
Technical Interchanle Meetinl, )uly 9-10, 1981. IT-)1-
04199, )SC-17785, Dec. 1981.

2-56. Evaluation of the Procedure 1A Component of the
1980 U.S./Canada Wheat and Barley Exploratory Experi-
ment. FC-L 1-04219, )SC-17806, LEMSCO-16311, Dec.
1981.

2-57. General Multiyear Aggregation Technology:
Methodology and Software Documentation. 1T-L2-04228,
ISC-17814, LEMSCO-17153, March 1982.

2-58. Evaluation of the U.S./Canada Wheat and Barley
Exploratory Experiment Shakedown Test Analyst Labellnl
Results. FC-L2-04229, )SC-17815, LEMSCO-16633, Dec.
1981. NTIS: 82N24556.

2-59. AugmentatiOll of Landsat MSS Data by SEASA T-
SAR for Alricultural Application. IT-E2-04233, NAS 9-
16538, April 1982.

2-60. AssociatlOll of Spectral Development Patterns with
Development Stages of Corn. IT-E2-04235, NAS 9-16538,
Feb. 1982.

2-61. ·Estimatinl Acreage by Double-Sampling Usinl
Landsat Data. IT-E2-04246, NAS 9-15476, Ian. 1982.

2-62. Incorporatinl Partially Identified Sample Selments
into Acreage Estimation Procedures: Estimates Using
Only Observations from the Current Year. FC-T2-04261,
Dec. 1981.

2-63. Presentation of Information of the Inventory
Technology Development Project Quarterly Technical
Interchange Meeting, March 24-25, 1982. 1T-)2-04262,
) SC-1 7828, Apr. 1982. NTIS: 82N77634.

2-64.Semi-Annual Program Review Presentation to Level
1, Interagency Coordination Committee. IT-I 2-04267,
J SC-17830, Apr. 1982.

2-65. Research in Satellite-Aided Crop Inventory and
Monitorinl' 1T-)2-04282, )SC-18231, Apr. 1982.

2-66. Shuttle Imalinl Radar (SIR-A) An Agricultural
Analysis. 1T-12-04283, )SC-18232, March 1982.

2-67. Research Advances in Satellite-Aided Crop Fore-
castlnl. 1T-)2-04296, )SC-18239, Sept. 1982.

2-68. Research in Satellite-Aided Crop Forecasting. IT-
)2-04297, ISC-18240, May 1982.

2-69. Software for the Grouped Optimal Aggrelatlon
Technique. IT-L2-04304,) SC-18244, LEMSCO-17755, Feb.
1982.
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2-75. Minutes of the Semi-Annual Formal Project Man-
ager's Review. FC-)0-00501, ISC-163S6, Feb. 13. 1980.

2-76. Minutes of the Semi-Annual Formal Project Mana-
ger's Review Including Preliminary Technical Review
Reports of FY80 Experiments. FC-IO-00502 )SC-16823
Sept. 24, 1980. NTIS: 82N19614. ' ,

2-77. Proceedings of the AgRIST ARS FC PF Project
Quarterly Technical Interchange Meeting. FC-) 1-00504,
I SC-17787, Sept, 1981. NTIS: 82X75091.

2-70 Analysis of the Profile Characteristics of Corn and
Soybean Using Field Reflectance Data. IT-E2-04310, NAS
9-16538, lune 1982.

2-71. Development, Implementation and Evaluation of
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Annual Report. IT-E2-04311, NAS 9-16538, hme 1982.

2-72. Missing Observations in Multiyear Rotation Sampl-
ing Designs. IT-T2-04323, NAS 9-14689, Dec. 1981.

2-73. Construction of a Remotely Sensed Area Sampling
Frame for Southern Brazil. IT-U2-04332, AGES No.
820526, I une 1982.

2-74. Thematic Mapper Performance Assess. In Renew-
able Resources/Agrlculturai' Remote Sensing - Initial Scene
Quick-Look AnalYSis. IT-I 2-04369, ISC-18579 Sept. 15
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2-78. U.S./Canada Wheat and Barley Exploratory Label-
ing Experiment Implementation Plan. FC-)0-00600,) SC-
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lSC-16363, LEMSCO-14943, lune 1980. '

2-83. Supplemental U.S./Canada Wheat and Barley
Exploratory Experiment Implementation Plan: Evaluation
of a Procedure 1A Technology. FC-LO-00609, 15C-16364,
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2-84 World Multicrop Test Site Overflights for 1980
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2-8S. U.S./Canada Wheat and Barley Crop Calendar Ex-
ploratory Experiment Implementation Plan. FC-Io-00611,
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2-86. Fiscal Yea: 1980-81 Implementation Plan for
Development and Integration of Sampling and Aurelatlon
Procedures. FC-LO-00612, ISC-16819. LEMSCO-15168,
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2-87. FCPF Implementation Plan (FV81 &. FY82).
FC-)0-C0614, ISC-16828, Oct, 1980.
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on a System for Large Area Crop Inventory from Remotely
Sensed Data. LARS 8th Internat. Symposium, Sept. 1982.
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2-90. Technical Plan for Testing the Automated Pixel
Screening Procedures. FC-L 1-0063S. I SC-17409,
LEMSCO-16933, Oct, 1981. NTIS: 82X74786.
2-91. Australia Ground Data Collection Detailed Plan
for 1981f82 Crop Year. FC-L 1-00639, ) SC-17607.
LEMSCO-17173, Sept. 1981. NTIS: 82X74785.

2-92. FCPF Project Implementation Plan for Fiscal Years
1982 and 1983. FC-11-00640, )SC-17425, Sept. 30, 1981.

2-93. Maximal Analysis Labeling Procedure (Prelimi-
nary). FC-LO-00700, ISC-16399, LEMSCO-14080, Feb.
1980. NTIS: 8ON30862.

2-94. Enumerator's Manual, 1981 Ground Survey Data,
NASA, USDA/ESS. FC-) 1-04108, 15C-16860, Washington,
D.C., Jan. 1981.

2-95. User's Guide for the U.S. Baseline Corn and Soy-
bean Segment Classification Procedure. FC-E1-00712,
NAS 9-15476, Mar. 1981.

2-96. FCPF Project Communications Documentation
Standards Manual. FC-L1-00714, )SC-17141, LEMSCO-
16850, lune 1981. NTIS: 82N2164S.

2-97. Volume I: Project Procedures, Designation, and
Description Document. FC-L 1-00715, ISC-171S4,
LEM5CO-168S2, June 1981. NTl5: 82N22542.

2-98. Volume I: Project Test Reports Document. FC-L 1-
00718, )SC-17155, LEMSCO-16851, lune 1981. NTl5:
82N21639.

2-99. :)perator's Manual for the Analyst Handbook for
the Augmented U.S. Baseline Corn and Soybean Segment
Classification Procedure (C5-1A). IT-E1-00721, NAS 9-
15476, Oct. 1981. NTIS: 82X10189.

2-100. Analyst Handbook for the Augmented U.S. Base-
line Corn and Soybean Segment Classification Procedure
(CS-1A). IT-E1-00723, NAS 9-15476, NAS 9-14565. Oct.
1981. NTIS: 82X74778.

2-101. User's Guide to the CS2 Automated Corn;Soybean
Labeling Procedure. IT-12-00738, )SC-17813, Oct, 1981.
NTIS: 82X75093.

2-102. User's Guide to the C/S-2B Corn;Soybean Propor-
tion Estimation Procedure. IT-)2-00742, )SC-18230, Apr.
1982.

2-103. Software Documentation Guidelines. IT-L2-
00745, ISC-18248, LEMSCO-18241, May 1982.

2-104. Data Base Conf Iguratlon Management Guide-
lines. IT-L2-00746, 15C-18249, LEMSCO-18238, May 1982.

2-105. Software Configuration Management Guidelines.
IT-12-00747, )SC-18250, LEMSCO-18239, May 1982.

2-106. Software Development Guidelines. IT-12-00748,
ISC-18251, LEMSCO-18240, May 1982.

2-107 Development and Description of CAESAR (SSG-
3B/C), A Machine-Based Proportion Estimation Procedure.
IT-l2-00752, 15C-18263, LEMSCO-17542, Au•• 1982.
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3-17. Yield Model Development Implementation Plan.
YM-IO-C0616, ISC-16851, 1980.

3-18. Yield Model Development Implementation Plan.
YM-11-C0618, ISC-16857, 1981. NTIS: 81N32577.

3-19. Yield Model Development Project Implementation
Plan for FY82 and FY83. YM-11-00642,ISC-17436.

3-03. Evaluation of 'Straw Man' Model 1, the Simple
Linear Model for Soybean Yields In Iowa, Illinois, and
Indiana. YM-11-04095, USDA/ESS Staff, AG ESS810304,
Mar. 1QR1.

3-04. Development of a Surface Isolation Estimation
Technique Suitable for Application of Polar-Orbiting
Satellite Data. YM-N1-04198, Nov. 1981. NTIS:
82N21656.

3-05. Estimating Daily Advective Contributions to
Potential Evapotranspiration. YM-U2-0424S, AGES
820428, May 1982.

3-06. A Model for the Simulation of Growth and Yield In
Winter Wheat. YM-U2-04281, 1SC-18229, Aug. 1981.

3-07. Evaluation of the Williams-Type Spring Wheat
Model in North Dakota and Minnesota. YM-U2-04286,
ISC-18233, 1an. 1982.

3-08. Evaluation of the Williams-Type Model for Barley
Yields in North Dakota and Minnesota. YM-U2-04287,
1SC-18234, Dec. 1981.

3-09. Evaluation of the CEAS Model for Barley Yields in
North Dakota and Minnesota. YM-U2-04288, ISC-18235,
Dec. 1981.

3-10. Comparison of CEAS and Williams-Type Models for
Spring Wheat Yields in North Dakota and Minnesota, YM-
U2-04289, ISC-18236, Mar. 1982.

3-11. Comparison of the CEAS and Williams-Type Barley
Yield Models for North Dakota and Minnesota, YM-U2-
04290,1 SC-18237, Mar. 1982.

3-12. Second Generation Crop Yield Models Review.
YM-12-04306, 1SC-1824S, Mar. 1982.

3-13. Crop Weather Models of Barley and Spring Wheat
Yield for Agrophysical Units in North Dakota. YM-12-
04321, lune 1982.

3-14. Crop weather Models of Corn and Soybeans for
A PUis in Iowa Using Monthly Met Predictors. YM-12-
04348, Sept. 1982.

3-15. evaluation of the CEAS Trend and Monthly
Weather Data Models for Soybean Yields in Iowa, illinois,
and Indiana. YM-12-04364, 1SC-18575, Oct. 1982.

3-16. Evaluation of Thompson-Type Trend and Monthly
Weather Data Models for Corn Yields in Iowa, Illinois, and
Indiana. YM-12-04365, 1SC-18576, Oct. 1982.

2-109. Christ, E. P.: Cultural and Environmental
Influences on the Temporal-Spectral Development Patterns
of Corn and Soybeans. LARS 8th International Symposium,
Sept. 1982.

2-110. Cicone, R. C., and M. D. Metzler: CompariSon of
Landsat MSS, Nimbus 7 CZCS, and NOAA 6/1 AVHRR
Features for Land Use Analysis. LARS 8th International
Symposium, Sept. 1982.

2-111. Dailey, C. L.; and G. M. Chapman: Automated
Pixel Screening and Selection. LARS 8th International
Symposium, Sept. 1982.

2-112. Dennis, T. B.; R. B. Cate; C. V. Nazare; M. M.
Smyrski; and T. C. Baker: SSG-4;' An Automated Spring
Small Grains Proportion Esitmator. LARS 8th Inter-
national Symposium, Sept. 1982.

2-113. Doraiswamy, P.; and D. Thompson: An Agromet
Crop Phenology Model for Spring Wheat. American Soc.
Agron., Crop Scl. Soc. America, Soil Sci. Soc. America,
Nov.-Dec. 1980.

2-114. Hay, C. N.: Remote Sensing Measurement Tech-
niques for Use in Crop Inventories. Remote Sensing for
Resource Management Conf. (Kansas City, Mo.), sponsored
by Soil Conserv. Soc. America, NASA, USDA, NOAA,
USGS, etc., Oct. 1980.

2-115. Hixson, M.; S. Davis; and M. Bauer: Evaluation of
a Segment-Based Full-Frame Approach to Crop Area
Estimation. LARS 7th International SympOSium.

2-116. Hixon, M. M.; B. I. Davis; and M. E. Bauer:
Sampling Landsat ClassificationS for Crop Area Esti-
mation. Photogrammetrlc Engineering and Remote
Sensing, Vol. 47, No. 9, Sept. 1981, pp. 1343-1348.

2-117. Metzler, M. D.; R. C. Clcone; and K. I. lohnson:
The Evaluation of a Semi-Automated Procedure for Classi-
fying Corn and Soybeans Without Ground Data. LARS 8th
International SympOSium, Sept. 1982.

2-118. Mohler, R. R. J.; W. F. Palmer; M. M. Smyrski; C.
V. Nazare; and T. C. Baker: Development, Test, and
Evaluation of a Computerized Procedure for Using Landsat
Data to Estimate Spring Small Grains Acreage. LARS 8th
International SympOSium, Sept. 1982.

2-119. Odenweller, I. B.; and K. I. lohnson: Crop Identi-
fication Using Landsat Temporal-Spectral Profiles. LARS
8th International Symposium, Sept. 1982.

2-120. Payne, R. W.: Sonora Exploratory Study for the
Detection of Wheat-Leaf Rust, Nov. 1980. NTIS:
82N21661.

2-121. Rice, D.; M. Metzler; and O. Mykoenka: An
Image Processing System. Seventh Int. SympOSium on
Machine Processing of Remotely Sensed Data, Purdue
Unlv. (W. Lafayette, Ind.), 1981.

2-122. Smith, I. H.; C. C. Lln; M. Dvorin; and I. T.
Malin: Acquisition History Simulation for Evaluation of
Landsat-Based Crop Inventory Systems. LARS 8th
International SympOSium, Sept. 1982.
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3-01. Yield Model Development/Soil Moisture Interface
Control Document. MU-IO-00100, ISC-16841, Nov. 1980.
NTIS: 82N19629.

3-02. Yield Model Development/Early Warning and
Crop Conlltion Assessment Interface Control Document.
MU-IO-00102, ISC-16843, Nov. 1980.

3-20. Gridded Meteorological Data Extraction System
(GMDES) User's Guide. YM-L2-00736, ISC-17808,
LEMSCO-17642, Nov. 1981.

3-21. Extraction Procedures and Requirements for
Gridded Air Force Meteorological Data YM-U2-00737,
1SC-17811, Feb. 1982.
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3-22. User's Appraisal of Yield Model Evaluation
Criteria. YM-U2-00740, ISC-18228, Mar. 1982.

3-23. Procedures and Requirements for Evaluation of
U.S. Air Force AGROMET Data. YM-U2-00739, ISC-
17819, Mar. 1982.

3-24. Aase, I. K., and F. H. Siddoway: Assessing Winter
Wheat Dry Matter Production via Spectral Reflectance
Measurements. Remote Sensing of Envi ronment (in press).

3-25. Aase, J. K., and F. H. Siddoway: Crown-Depth Soil
Temperatures and Winter Projection for Winter Wheat
Survival. Soil Sci. Soc. America I. vol. 43,1979, pp. 1229-
1233.

3-26. Aase, I. K., and F. H. Siddoway: Determining
Winter Wheat Stand Densities Using Spectral Reflectance
Measurements. Agron. J., vol. 72, 1980, pp. 139-152.

3-27. Aase, I. K., and F. H. Siddoway: Microclimate of
Winter Wheat Grown in Three Stal'!ding Stubble Heights.
Tillage Symposium, North Dakota State Univ. (Fargo).
(Accepted May 30, 1980.)

3-28. Aase, I. K., and F. H. Siddoway: Spring Wheat
Yield Estimates From Spectral Reflectance
Measurements. IE EE Trans. Geoscience and Remote
Sensing (in press).

3-29. Aase, J. K., and F. H. Siddoway: Stubble Height
Effects on Seasonal Microclimate, Water Balance, and
Plant Development of No-Till Winter Wheat. Agrlc.
Meteorol., vol. 21,1980, pp. 1-20.

3-30. Baker, D. N.: Simulation for Research and Crop
Management. (F. T. Corbin, ed.) Proc. World Soybean
Res. Conf. II (Raleigh, N.C.), Mar. 26-29, 1980, pp. 533-
546.

3-31. Baker, D. N., and I. R. Lamber: The Analysis of
Crop Responses to Enhanced Atmospheric CO2 Levels. In
Report of the Workshop on Environmental and Societal
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ISC-16378, LEMSCO-14807, Nov. 1980. NTIS: 81N29498.

4-67. A Semi-Automatic Technique for Multitemporal
Classification of a Given Crop. SR-I 0-00481 , ISC-16381,
luly 1980.
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4-68. Taxonomic Classification of World Soil Map Units
Occurring in Selected Brazilian States With Representative
U.S. Soil Series and Numerical Rating of Physical and
Chemical Soil Properties Significant to Crop Production.
SR-UO-00482. ISC-16383, Sept. 1980.

4-69. Probabilistic Cluster Labeling of Imagery Data.
SR-LO-00483. ISC-16384. LEMSCO-1S3S8. Sept. 1980.
NTIS: 82N22590.

4-70. Normal Crop Calendars. Volume I: Assembly and
Application of Historical Crop Data to a Standard
Product. SR-LO-00484, 15C-16813, LEMSCO-15033. Aug.
1980.

4-71. Normal Crop Calendars. Volume II: The Spring
Wheat States of Minnesota. Montana. North Dakota, and
South Dakota. SR-LO-00485. ISC-16814. LEMSCO-15034.
Aug. 1980.

4-72. Development Stage Estimation of Corn From
Spectral Data - An Initial Model. SR-IO-00488. ISC-
16816, Aug. 1980.

4-73. Illustration of Year-ta-Year Variation in Wheat
Spectral Profile Crop Growth Curves. SR-IO-00489,ISC-
16817. Aug. 1980.

4-74. Contextual Classification of Multispectrallmaaery
Data Apprt)ximate Algorithm. SR-PO-00491. NAS 9-15466.
Aua. 1980.

4-75. On the Existence, Uniqueness, and Asymptotic
Normality of a Consistent Solution of the Likelihood
Equations for Nonidentically Distributed Observations-
Applications to Missina Data Problems. SR-HO-00492.
N AS 9-14689. Sept. 1980.

4-76. An Assessment of Landsat Data Acquisition
History by Identification and Area Estimation of Corn and
Soybeans. SR-PO-00494. NAS 9-15466. lune 1980.

4-77. Taxonomic Classification of World Map Units In
Crop Producing Areas of Argentina and Brazil With
Representative U.S. Soil Series and Majar Land Resource
Areas In Which They Occur. SR-UO-00497. ISC-16824,
Oct. 1980. NTIS: 82N19633.

4-78. Spectral Reflectance of Salls: A Literature
Review. SR-IO-00498, ISC-16825, Aug. 1980.

4-79. Classification of Wheat: Badhwar Profile Simi-
larity Technique. SR-Lo-00499, ISC-16826. LEMSCO-
15305, Oct. 1980. NTIS: 81N31598.

4-80. A Semi-Automatic Technique for Multitemporal
Classification of a Given Crop of a Landsat Scene. SR-IO-
04001, J SC-16829. Oct. 1980.

4-81. Preliminary Evaluation of Spectral. Normal. and
Meteorological Crop Staae Estimation Approaches. SR-
LO-04002. ISC-16830, LEMSCO-14640. Oct. 1980. NTIS:
82 N19634.

4-82. Maximum Likelihood Estimation for Mixture
Models. SR-IO-04007, ISC-16832. LEMSCO-14880, Oct.
1980. NTIS: 81N33564.

4-83. Semi-Annual Project Management Report Program
Review Presentation to Level, Interagency Coordination
Committee. SR-IO-04011, ISC-16836. Nov. 1980.

4-84. Analysis of U.S. Sprina Wheat and Sprlna Ruley
Periodic Ground Truth. SR-LO-04012. ISC-16837,
LEMSCO-15698, Ian. 1981. NTIS: 81N32576.

4-85. Investigation of Boundary Pixel Handlina Proce-
dures. SR-LO-04013, ISC-16838. LEMSCO-15679, Dee.
1980.
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4-86. Bias Modeling Experiment. SR-10-04015, NAS 9-
14350. Nov. 1980.

4-87. Quasi-Field Purity Experiment. SR-IO-04017. NAS
9-14350. Oct. 1980.

4-88. U.S.S.R. Crop Calendars in Support of the Early
Warnina Project. SR-LO-04019, ISC-16844. LEMSCO-
14675. Dec. 1980.

4-89. Final Report: Field Research on the Spectral
Properties of Crop and Soil. SR-PO-04022. NAS 9-15466.
Nov. 1980. NTIS: 81N26S27.

4-90. Final Report: Research in the Application of
Spectral Data to Crop Identification and Assessment. SR-
PO-04023. NAS 9-15466. Nov. 1980. NTIS: 81N26528.

4-91. Final Report: Data Processina Research and
Techniques Development. SR-PO-04024. NAS 9-15466.
Nov. 1980.

4-92. Final Report: Computer Processing Support.
SR-PO-04025. NAS 9-15466, Nov. 1980.

4-93. SpatiallC alar Sequence Proportion Estimation
Techniques. SR-LO-04028. ISC-16848, LEMSCO-15641,
Dec. 1980.

4-94. A Comparative Study of the Thematic Mapper and
Landsat Spectral Bands From Field Measurement Data.
SR-IO-04029. ISC-16849, Mar. 1981. NTIS: 81N33549.

4-95. Maximum Likelihood Clustering With Dependent
Feature Trees. SR-L1-04031, ISC-16853. LEMSCO-15683.
Ian. 1981. NTIS: 81 N29502.

4-96. Spring Small Grains Plantina Date Distribution
Model. SR-L 1-04032, ISC-16858, LEMSCO-16018. Mar.
1981. NTIS: 82N23581.

4-97. Assembly Language Codina for CLASSY. SR-X1-
04033. NAS 9-15981. Ian. 1981.

4-98. Weighted Ratio Estimation of Large Area Crop
Production. SR-11-04036, ISC-16861. Feb. 1981. NTIS:
81 N33567.

4-99. Possible Modification of the HISSE Model for Pure
Landsat Agricultural. SR-H1-04037. NAS 9-14689. Feb.
1981.

4-100. Soybean Canopy Reflectance as Influenced by
Cultural Practices. SR-P1-04038. NAS 9-15466, Mar.
1981. NTIS: 82N21647.

4-101. Canopy Reflectance as influenced by Solar Illumi-
nation Angle. SR-P1-04039, NAS 9-15466, Mar. 1981.
NTIS: 82N23610.

4-102. Maximum Likelihood Labeling. SR-X1-04041.
NAS 9-15981. Feb. 1981. NTIS: 81N33563.

4-103. Crop Classification Using Airborne Radar and
Landsat Data. SR-K1-04043. NAS 9-15421, Feb. 1981.

4-104. Effects of Nitrogen Nutrition on the Growth,
Yield and Reflectance Characteristics of Corn Canopy.
SR-P1-04044. NAS 9-15466, May 1981. NTIS: 82N20591.

4-105. Classification of Corn: Badhwar Profile
Similarity Technique. SR-L 1-04045. ISC-17113, LEMSCO-
16035. Mar. 1981. NTIS: 82N21676.

4-106. Improved Version of the Split Routine for
CLASSY. SR-X1-04046. NAS 9-15981, Mar. 1981. NTIS:
81N31600.

4-107. New Output Improvements for CLASSY. SR-X1-
04053, NAS 9-15981. Mar. 1981. NTIS: 81N29503.



4-108. A Temporal/Spectral Analysis of Small Grain
Crops and Confusion Crops. SR-ll-040S4, JSC-17128,
lEMSCO-15676, Mar. 1981. NTIS: 81N28498.

4-109. Interim Catalog. Ground Data Summary Data
Acquisition Year 1979. MU-ll-0405S, JSC-17119,
lEMSCO-16207, Feb. 1981. NTIS: 82N19608.

4-110. Interim Catalol, Ground Data Summary Data
Acquisition Year 1978. MU-ll-04056, J SC-17120,
lEMSCO-16325, Mar. 1981. NTIS: 81N33546.

4-111. A Crop Moisture SUess Index for larle Areas and
Its Application in the Prediction of Spring Wheat
Phenology. SR-L 1-04064, J SC-17121, l EMSCO-16216,
Mar. 1981. NTIS: 81N33573.

4-112. Development and Evaluation of an Automatic
labeling Technique for Spring Small Grains. SR-El-04065,
NAS 9-15476, Au•• 1981. NTIS: 82N15480.

4-113. Estimation of Proportions in Mixed Pixels
Through Their Region Characterization. SR-l1-04067,
J SC-17124, lEMSCO-16021, Mar. 1981.

4-114. An Analysis of Haze Effect on landsat Multispec-
tral Scanner Data. SR-ll-04071, JSC-17127, lEMSCO-
15971, Mar. 1981. NTIS: 81N29497.

4-115. Design and Evaluation of a Pick-Up Truck
Mounted Boom for Evaluation of a Multiband Radiometer
System. SR-Pl-04079, NAS 9-15466, Apr. 1981.

4-116. Performance Comparison for Barnes Model 12-
1000, EXOTECH Model 100, and Ideas,lnc., Biometer Mark
II. SR-P1-04090, NAS 9-15466, Apr. 1981.

4-117. Recom mended Data Sets, Corn Segments and
Spring Wheat Segments, for Use in Program
Development. SR-ll-04094, JSC-17137, lEMSCO-15708,
Apr. 1981.

4-118. Six-Channel Thematic Mapper Simulation. SR-
ll-04098, JSC-17139, l EMSCO-16342, May 1981.

4-119. Preliminary Catalog: Ground Data Summary
Data AcquiSition for 1980. MU-l1-04100, J SC-17365,
lEMSCO-16644, May 1981.

4-120. Development of Advanced Acreage Estimation
Method. SR-T1-04112, NAS 9-14689, Dec. 1980. NTIS:
8"1N29495.

4-121. U.S. Crop Calendar In Support of the Early
Warning Project. SR-L 1-04122, JSC-17402, l EMSCO-
14674, July 1981. NTIS: 82N21682.

4-122. Interim Catalog. Ground Data Summary Data
Acquisition Year 1977. MU-l1-04123, JSC-17403,
lEMSCO-16938, July 1981. NTIS: 82X74788.

4-123. On the Accuracy of Pixel Relaxation labeling.
SR-Pl-0412S, NAS 9-15466, July 1981.

4-124. Documentation of Computer Procedures for
labeling Spring Grains and Discriminating Between Spring
Wheat and Barley Using landsat Data. SR-El-04131, NAS
9-15476, Au•• 1981. NTIS: 82N16448.

4-125. Empirically Determined Calibration Differences
Between MOP-liVES and lACIE Processed Data. SR-Jl-
04133, JSC-17412, June 1981.

4-126. Notes for Brazil Sampling Frame Evaluation
Trip. SR-El-04138, NAS 9-15476, Au•• 1981. NTIS:
82N19635. NTIS: 82N19635.

4-127. linear Polarization of light by Two Wheat
Canopies Measured at Many View Angles. SR-P1-04139,
NAS 9-15466, Sept. 1981. NTIS: 82N23602.

4-128. Diurnal Changes In Reflectance Factor Due to
Sun-Row Direction Interactions. SR-Pl-04140, NAS 9-
15466, Sept. 1981. NTIS: 82N23566.

4-129. Application of Computer Axial Tomography to
Measuring Crop Canopy Geometry. SR-Pl-04141, NAS 9-
lS466, June 1981. NTIS: 82N23600.

4-130. Incorporating Spatial Concept into Statistical
Classification of Multidimensional Image Data. SR-P1-
04148, NAS 9-15466, Au•• 1981. NTIS: 82N22856.

4-131. Development of Mathematical Techniques for the
AnalysiS of Remote Sensinl Data. SR-H1-04157, NAS 9-
15543, Dee. 1979.

4-132. Evaluation of Several Schemes for Classification
of Remotely Sensed Data. SR-P1-04158, NAS 9-15466,
1979.

4-133. Regression Model Estimation of Early Season
Crop Proportions: North Dakota, Some Preliminary
Resuits. SR-L1-04158, JSC-17429, lEMSCO-17156, Jan.
1982. NTIS: 82N24552.

4-134. A Method for Classifying Multispectral Remote
Sensing Data Usinl Context. SR-Pl-04159, NAS 9-15466,
1979.

4-135. Samplinl for Area Estimation: A Comparison of
Full-Frame Samplinl With the Sample Segment Approach.
SR-Pl-04160, NAS 9-14970, 1979.

4-136. Analysis of Scanner Data for Crop Inventories -
Period Covered November 15, 1979 - February 15, 1980.
MU-E1-04161, NAS 9-15476, May 1980.

4-137. Analysis of Scanner Data for Crop Inventories -
Period Covered February 16, 1980 - May 15, 1980. MU-El-
04162, NAS 9-15476, May 1980.

4-138. Analytical DeSl1" of Multispectral Sensors. SR-
P1-04163, NAS 9-15466, Apr. 1980.

4-139. Overcomlnl Accuracy Deterioration in Pixel
Relaxation labelinl. SR-P1-04164, NAS 9-15466, Dec.
1980.

4-140. Evaluation of Several Schemes for Classification
of Remotely Sensed Data. SR-P1-04165, NAS 9-15466,
Dec. 1980.

4-141. Contextual Classification of Multispectral
Remote Sensing Data Usinl a Multiprocessor System. SR-
P1-04166, NAS 9-15466, Apr. 1980.

4-142. Parallel Processlnl Implementations of a
Contextual Classifier for Multispectral Remote Sensinl
Data. SR-P1-04167, NAS 9-1S466, June 1980.

4-143. The Development of a Spectral-Spatial Classifier
for Earth Observations Data. SR-P1-04168, NAS 9-15466,
AUI. 1979.

4-144. A Parametric Model for Multispectral Scanners.
SR-P1-04169, NAS 9-15466, Apr. 1980.

4-14S. A Model of Plant Canopy Polarization Response.
SR-P1-04170, NAS 9-1S466, June 1980.

4-146. 1981 Arlentina Ground Data Collection. SR-E1-
04174, NAS 9-15476, Oct. 1981. NTIS: 82N21658.

4-147. Spectral Alronomlc Relationships of Corn,
Soybean, and Wheat Canopies. SR-P1-04187, NAS 9-15466,
Oct. 1981. NTIS: 82N21670.

4-148. Ground Truth Crop Proportion Summary for U.S.
Segment, 1976-1979. SR-E1-04189, NAS 9-1S476, Oct.
1981. NTIS: 82N25595.
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"-181. Minutes of the Semi-Annual Formal Project Man-
ager's Review. SR-JO-00503, ISC-16839, Oct. 7, 1980.

"-187. As-Built Documentation of Programs to
Implement the Robertson and DoraiswamylThompson
Models. SR-L 1-00717, JSC-17400, LEMSCO-16376, June
1981. NTIS: 82N21638.

"-188. User Guide to Spring Small Grain Planting Date
Distribution Model. SR-L 1-00720. 1SC-17410, LEMSCO-
16669, Aug. 1981.

4-189. Semi-Automated Procedure for Producing High-
Purity Labels for Corn and Soybean Crops. SR-L 1-00726,
JSC-17786, LEMSCO-17105, Nov. 1981.

4-182. Supporting Research Project Implementation
Plan. SR-J9-C0602, JSC-163"O, Dee. 1979.

4-183. Supporting Research Project Implementation
Plan. SR-JO-C0615. 1SC-1683". Oct. 1980.

"-184. Supporting Research Project Implementation Plan
(FY82 and FY83). SR-J1-00636, ISC-17416. Apr. 1982.

4-185. Argentina Ground Data Collection Plan for 1981-
1982 Crop Year. SR-E1-0064 .•• NAS 9-15476, NAS 9-
1"565, Nov. 1981. NTIS: 82X7 .•798.

"-186. Supporting Research Project Research Plan
Document. 5R-)2-lJ0652, JSC-182"7, June 1982.

"-169. Key Issues in the Analysis of Remote Sensing
Data. SR-P2-0"292. NAS 9-15"66, June 1981.

"-170. Monitoring Global Vegetation. LARS 7th
International Symposium (W. Lafayette. Ind.). SR-J2-
0.•300. JSC-182"2. June 1981.

4-171. Characteristic Variations in Reflectance of
Surface Soils. SR-P2-0 .•301, NAS 9-15 .•66. May 1982.

"-172. A Three-Part Geometric Model to Predict the
Radar Backscatter from Wheat, Corn. and Sorghum. SR-
K2-0"313. Apr. 1982.

"-173. Final Report: Development of Advanced Acreage
Estimation Methods. SR-T2-0 .•317. NAS 9-1 .•689. lune
1982.

"-17". Performance Evaluation and Calibration of
Modular Multiband Radiometer for Remote Sensing and
Field Research. SR-P2-04318, NAS 9-15466, lune 1982.

4-175. Extension of Laboratory Measured Soil Spectra to
Field Conditions. SR-P2-04326. NAS 9-15466, June 1982.

4-176. Data Documentation for the 1981 Summer Vege-
tation Experiment. SR-K2-04336, NAS 9-15 .•21. May 1982.

4-177. Development of Thematic Mapper Vegetative
Indices for Assessing Biomass in Corn, Soybeans, and
Wheat. SR-)2-04337, J SC-1826 .•, Aug. 1982.

"-178. Leaf Area Estimates from Spectral Measurements
Over Various Planting Date of Wheat. SR-M2-0"3"1, NAS
9-16 .•57. Sept. 1982.

4-179. Intercepted Photosynthetically Active Radiation
in Wheat NAS Canopies Estimated by Spectral
Reflectance. SR-M2-04342, NAS 9-16457, Sept. 1982.

4-180. Program to Compute the Positions of the Aircra~(
and of the Ai rcraft Sensor Footprints. SR-)2-04360, 1SC-
1857", Sept. 1982.

Plans - 00600

Minutes - 00500

Procedures - 007005R

SR

SR

4-149. Variability of Reflectance Measurement with
Sensor Altitude in Canopy Type. SR-P1-04191. NAS 9-
15466, Nov. 1981. NTIS: 82N21672.

4-150. Multistage Classification of Multispectral Earth
Observational Data: The Design Approach. SR-P1-04194,
N AS 9-15466. Dee. 1981,

4-151. Semi-Annual Project Management Report
Program Review Presentation to Level I Interagency
Coordination Committee. 5R-J1-04195, J5C-17792, Nov.
1981. NTIS: 82N 23592.

4-152. Spectral Properties of Agricultural Crop and Soils
Measured from Space, Aerial, Field, and Laboratory
Sensors. 5R-P1-04200. N AS 9-15466, Nov. 1981. NTIS:
82N 22623.

4-153. A Multiband Radiometer and Data Acquisition
System for Remote Sensing Field Research. SR-P1-04201.
NAS 9-15466, Nov. 1981. NTIS: 82N21669.

4-154. Simulated Response of a Multispectral Scanner
Over Wheat As a Function of Wavelength and View/Illum-
ination Direction. SR-P1-04202, NA5 9-15466. Nov.
1981. NTIS: 82N21671.

4-155. The Extension of a Uniform Canopy Reflectance:
Model to Include Row Effect. 5R-E1-04205. NAS 9-15476,
Dec. 1981. NTIS: 82N24537.

4-156. The Akaite Information Criterion and Its Appli-
cation to Mixture Proportion Esti mation. 5R-T1-04207.
N AS 9-14689, Sept. 1981.

4-1S7. Mars X-Band Scatterometer. SR-K1-04213, NAS
9-15421, Nov. 1981. NTIS: 82N24557.

4-158. Coherent Optical Determination of the Leaf
Angle Distribution of Corn. SR-K1-04214, NAS 9-15"21.
NTIS: 82N2 .•560.

"-159. Crop Classification Using Multidate/M ultifre-
quency Radar Data. SR-K2-0 .•220, NAS .9-15 .•21, Dee.
1981. NTIS: 82N2 .•559.

"-160. Agronomic Characterization of the Argentina
Indicator Region. SR-E2-04222. N AS 9-1 .•565. Ian. 1982.
NTIS: 82N24561.

4-161. Cultural and Environmental Effects on the
Spectral Development Patterns of Corn and Soybeans -
Field Data Analysis. SR-E2-04224. NAS 9-15476, Jan.
1982. NTIS: 82N24S36.

"-162. Within-Field Variability of Plant and Soil
Parameters. SR-K2-04227, NAS 9-1 S.•21 , Dee. 1981.
NTIS: 82N2 .•S62.

"-163. Spectral Estimates of Solar Radiation Intercepted
by Corn Canopy. SR-P2-04236, NAS 9-15466, Mar. 1982.
NTIS: 82N267 .•2.

"-16". Algorithms for Scene Modeling. SR-X2-0 .•260,
NAS 9-16 .•.•6. Mar. 1981.

"-165. FINAL REPORT: Remote Sensing of Agricultural
Crops and Soils. SR-P2-04266, NAS 9-15"66, May 1982.

4-166. Semi-Annual Program Review Presentation to
Level I, Interagency Coordination Committee. SR-J2-
0"271, JSC-17831, Apr. 20, 1982.

"-167. LARSPEC Spectradiometer - Multiband Radio-
meter Data Formats. SR-P2-0"277, NAS 9-16S28 and
NAS 9-1S"66, May 1982.

4-168. Soybean Canopy Reflectance as a Function of
View in Illumination Geometry. SR-P2-0"278, NAS 9-
15"66, Apr. 1982. NTIS: A82-27645.
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4-190. User's Guide for the Profile Parameter ClassifI-
cation System. SR-L1-00727, ISC-17655, lEMSCO-17272,
Aug. 1981. NTIS: 82X74789.

4-191. Development of a Corn and Soybean labeling
Procedure for Use with Profile Parameter Classification.
SR-l2-00750, ISC-18257, lEMSCO-17765, lune 1982.

4-192. Amis, M. l.; R. K. lennington; M. V. Martin; W.
G. McGuire; and S. S. Shen: Evaluation of large Area
Crop Estimation Techniques. Fifteenth International
Symposium on Remote Sensing of Environment (Ann Arbor,
Michigan), Vol. 2, May 11-15,1981.

4-193. Badhwar, G. D.; and K. E. Henderson: Develop-
ment Stage Estimation of Corn From Spectral Data--An
Initial Model. SR-JO-00488, ISC-16816, 1980. Submitted
to Agron. J.

4-194. Badhwar, G. D.; J. G. Carnes; and W. Austin: Use
of landsat-Derived Temporal Profiles for Corn-Soybean
Feature Extraction and Classification. Remote Sensing
Environment, Vol. 12, March 1982, p. 57-79.

4-195. Cicone, R.; E. Crest; R. Kauth; P. lambeck;
N. Malila; and W. Richardson: Development of Procedure
M for Multicrop Inventory, With Tests of a Spring Wheat
Configuration. Envi.ronmental Research Inst. of Michigan,
NASA CR ERIM 132400-16-F, Mar. 1979.

4-196. Crist, E.; and W. Malila: A Technique for Auto-
matic labeling of landsat Agricultural Scene Elements bv
Ana lysis of Temporal-Spect ral Patterns. Fifteenth Int.
Symposium on Remote Sensing of Environment, May 1981.

4-197. Crist, E. P.; and W. A. Malila: Temporal-Spectral
Analysis Technique for Vegetation Applications of
landsat. Fourteenth Int. SympOSium on Remote Sensing of
Environment (San Jose, Costa Rica), Apr. 1980.

4-198. Doraiswamy, P., and D. Thompson. Nov.-Dec.
1980, An Agromet Crop Phenology 101ode I for Spring
Wheat. A merican Society of Agronomy Crop Science
Society of America, Soil Science Society of America,Nov.-
Dec. 1980.

4-199. Feiveson, A.: Aids for the Identification of Sta-
tistical Concepts. The loint Statistical Meeting of the
American Stat. Assoc. and Biometric Soc. (Houston, Tex.),
Aug. 1980.

4-200. Hay, C. 101.; l. H. Beck; and E. J. Sheffner:
Remote Sensing of Arid and Semi-Arid lands. Interna-
tional Symposium on Remote Sensing of Environment,
Cairo, Egypt, Jan. 1982.

4-201. Holmes, Q. A.; and R. Horvath: Procedure 101: An
Advanced Procedure for Stratified Area Estimation Using
landsat. Fourteenth Int. SympOSium on Remote Sensing of
Environment (San Jose, Costa Rica), Apr. 1980.

4-202. Kauth, R. J.; and G. S. Thomas: System for Anal-
ysis of landsat Agricultural Data. Environmental Res.
Inst. of Michigan, NASA CR ERIM 109600.

4-203. Kauth, R. I.; R. C. Clcone; and W. A. Malila:
Procedure 101: A Framework for Stratified Area
Estimation. Sixth Annual Symposium on Machine
Processing of Remotely Sensed Data, Purdue Univ. (W.
lafayette, Ind.), lune 2-6,1980.

4-204. Kauth, R. I.; w. A. Malila; R. Horvath; and R. C.
Cicone: Design Consideration for Resource Inventory
Systems. Fourteenth Int. Symposium on Remote Sensing of
Environment (San lose, Costa Rica), Apr. 1980.

5-01. Yield Model Development/Soil Moisture Interface
Control Document. MU-JO-00100, JSC-16841, Nov. 1980.
NTIS: 82N19629.

5-02. 50il Moisture/Early Warning and Crop Condition
Assessment Interface Control Document. MU-JO-00101,
J5C-16842, Nov. 1980. NTIS: 82N19628.

4-205. lennington, R. K.; and M. E. Rassbach: ClASSY-
An Adaptive Maximum likelihood Clustering Algorithm.
Proc. Technical Sessions, The lACIE Symposium, Vol. II,
I uly 1979, pp. 671-691. (See ref. 1 for availability.)

4-206. Malila, W. A.; P. F. lambeck; and E. P. Crist:
landsat Features for Agricultural Applicati ons.
Fourteenth Int. Symposium on Remote Sensing of
Environment (San Jose, Costa Rica), Apr. 1980.

4-207. Pitts, D.; and G. Badhwar: Field Size, length,
and Width Distributions Based on LACIE Ground Truth
Data. Remote Sensing of Environment, 1980, pp. 201-213.

4-208. Richards, J. A.; D. A. Landgrebe; and P. H.
Swain: Pixel Labeling by Supervised Probabilistic
Relaxation. IEEE Trans. Pattern Analysis and 101 achine
Intelligence, vol. Pami-3, no. 2, 101are 1981.

4-209. Seminar bv Bob Sielken at Mathematics Dept. of
Univ. of S. Dak., Spring 1980. Reports 18, 19, and 20.

4-210. Thompson, D.; and O. Wehmanen~ Using landsat
Digital Data to Detect 101oisture Stress in Corn-Soybean
Growing Rl;gions. Photogrammetric Eng. and Remote
Sensing, vol. 46, no. 8, Aug. 1980, pp. 1087-1093.

Reports - 00400

Instructions - 00100SM

SM

5-03. Neu'ron-Meter Calibration for the 1978 Colby 50il
Moisture Experiment. 5M-LO-00415, JSC-13775, LEMSCO-
14082, Feb. 1980.

5-04. Evaluation of Gravimetric Ground Truth Soil
Moisture Data Collected for the Agricultural Soil Moisture
Experiment 1978 Colby, Kansas, Aircraft Mission. SM-lO-
00441, J 5C-16357, LE1015CO-14600, Oct. 1980. NTIS:
81 N29494.

5-05. Use of Soil Moisture Information in Yield Model.
SM-Mo-00462, NA5 9-14899, June 1980. NTIS: 80N30869.

5-06. Agricultural Soil Moisture Experiment, Colby,
Kansas, 1978: Measured and Predicted Hydrologic
Properties of the Soil. SM-LO-00463, JSC-16366,
LEMSCO-14307, Oct. 1980. NTIS: 82N19632.

5-07. A Parametric Study of Tillage Effects on Radar
Backscatter. SM-Jo-00470, JSC-16372, July 1980.

5-08. Reports on the Remote Measurement of Soil
Moisture bv Microwave Radiometers at BARC Test 5ite.
SM-GO-00471, Aug. 1980, July 1980.

5-09. Comparison of the Characteristics of Soil Water
Profile Models. 5M-LO-00490, ISC-16818, LEMSCO-15330,
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